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.  Final  Report  Abstract  Format 


^fflcial  Project  Title:  EDUCATION  FOR  TECHNOLOGY  EMPLOYMENT  ^ 

Department  of  Adult.  Vocational  and  Technical  Education  Funding  Agreement  Number:  R-99 -25  -X  -0000  -499 

Project  Director:  Richard  W.  Glogovsky 

Funded  Agency:  Lake  County  Area  Vocational  Center 

Location  of  Funded  Agency:  19525  West  Washington  Street,  Grayslake  IL  60030 
Time  Period  Covered:  July  1,  1984  -  June  30,  1985 

Major  Accomplishments  of  the  Project: 

See  attached  sheet 


Potential  Impact  on  Vocational  Education: 

The  high  tech  program  planning/development  project  has  become  a  vehicle  which  can  be  used  to 
help  vocational  centers  and  comprehensive  high  schools  in  program  planning  and  staff  develop¬ 
ment  in  preparing  students  for  employment  or  advanced  technology  training  at  the  community 
college  level.  The  results  of  this  project  will  be  helpful  to  high  schools,  community 
colleges,  and  universities  in  developing  sequential  training  paths  for  students.  It  will 
also  assist  teachers  in  preparing  for  the  integration  of  math,  science  and  high  tech  activi¬ 
ties  in  their  program  areas.  In  addition  to  the  Statement  of  Impact  as  outlined  in  the  pro¬ 
ject  proposal,  it  is  anticipated  that  additional  training  sites  (business  and  industry)  will 
be  identified  and  utilized  by  LCAVC  staff  in  helping  students  gain  additional  high  technology 
skills . 

In  conclusion,  this  project  has  served  as  a  vehicle  in  bringing  together  high  schools,  area 
vocational  centers  and  local  community  colleges  as  they  plan  together  to  best  meet  the  edu¬ 
cation  for  employment  needs  for  the  area's  youth  and  adults. 

Products  Delivered:  (Indicate  titles,  types,  quantity,  recipients  and  date  of  delivery) 

Ten  copies  of  the  final  project  report  were  delivered  to  the  Illinois  State  Board  of 
Education,  Department  of  Adult,  Vocational  and  Technical  Education  by  July  31,  1985. 

In  addition,  copies  of  sample  student  learning  guides  for  the  Secretarial  Office  Occupations, 
Machine  Shop,  Computer  Assisted  Drafting,  Industrial  Electrical  Maintenance  and  Medical 
Assisting  programs  were  also  delivered  to  Springfield  during  FY85. 
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(Continuation  of  a.  Final  Report  Abstract) 


Major  Accomplishments  of  the  Project: 

)  A.  The  Lake  County  Area  High  Tech  Consortium  membership  has  continued  to  provide 
input  and  recommendations  concerning  LCAVC  involvement  in  the  ETE  project. 

Six  meetings  of  this ’ committee  were  held  during  the  1984-85  school  year. 

B.  Project  progress  meetings  were  held  with  Project  Coordinator  Greg  Valentine 
and  Project  Consultants  Mel  Whitmer  and  Will  Pouler  on  an  average  of  two  times 
per  week.  Other  meetings  were  held  with  LCAVC  staff  Jan  Robinson,  Rose  Meyer, 
Bill  Kolton,  Ray  Snider,  Dawn  Brumm,  Joanne  Fielding  and  Margaret  Stanczak  on 
an  as-needed  basis. 

C.  New  technology  CBVE  curriculum  developed  in  the  areas  of  Machine  Shop,  Computer 
Assisted  Drafting,  Secretarial  Office  Occupations  and  Industrial  Electrical 
Maintenance  has  been  field  tested  during  the  school  year. 

D.  Seven  competency-based  learning  guides  have  been  developed  for  the  Industrial 
Electrical  Maintenance  program  (tasks  210-216).  A  task  list  by  occupational 
titles  has  also  been  developed  for  this  program  area.  (These  materials  are 
included  in  Appendix  I.) 

E.  Three  competency-based  learning  guides  have  been  developed  for  the  Machine 
Shop  (CNC)  program  (tasks  32-34),  and  have  also  been  field  tested  during  the 
school  year.  (These  materials  are  included  in  Appendix  II.) 

F.  Eight  competency-based  learning  guides  and  a  task  list  by  occupational  titles 
have  been  developed  for  the  Medical  Assisting  program  area  (guides  002E,  003, 

004,  100,  128,  530,  555  and  565).  (These  materials  are  included  in  Appendix  III.) 

G.  Nine  competency-based  learning  guides  were  developed  and  field  tested  for  the 

Secretarial  Office  Occupations  program  area  (tasks  170.B.5_^  170  B. 14) .  (These 
materials  are  included  in  Appendix  IV.)  (exc.  .  .  J 

H.  The  following  curriculum  articulation  meetings  were  held  during  the  1984-85 
school  year: 


No.  of 
Meetings 

Program 

Purpose 

Educational 

Agencies 

3 

Computer  Assisted 
Drafting 

-  Coordinate  program 

content  on  a  sequential 
basis,  grades  12-14 

LCAVC  ^  CLC 
staff  and 
administration 

3 

Health  Occupations 
(Medical  Assisting) 

-  Coordinate  program 
content  on  a  sequential 
basis,  grades  9-14 

-  Develop  a  formal 
articulation  agreement 

Feeder  district, 
LCAVC  &  CLC 
program  staff 
and  administration 

4 

Welding 

-  Coordinate  program 
content  on  a  sequential 
basis,  grades  11-14 

-  Develop  a  formal 
articulation  agreement 

Feeder  district, 
LCAVC  §  CLC 
staff  and 
administration 
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No.  of 
Meetings 

Program 

Purpose 

4 

Machine  Shop 

-  Coordinate  program 
content  on  a  sequential 
basis,  grades  11-14 

-  Develop  a  formal 
articulation  agreement 

3 

Electronics 
(Electronic  Equipment 
Repair  and  Industrial 
Electrical  Maintenance) 

-  Coordinate  program 
content  on  a  sequential 
basis,  grades  11-14 

-  Develop  a  formal 
articulation  agreement 

1 

Food  Service 

-  Joint  utilization  of 
LCAVC  facility 

1 

Business  Data 

Processing 

-  Curriculum  articulation 
and  utilization  of  CLC 
facility  for  data 
processing 

Educational 

Agencies 


Feeder  district, 
LCAVC  S  CLC 
staff  and 
administration 


Feeder  district, 
LCAVC  §  CLC 
staff  and 
administration 


LCAVC  §  CLC 
staff  and 
administration 

LCAVC  §  CLC 
staff  and 
administration 


I.  At  their  April  meeting,  the  Lake  County  Area  Vocational  Center  Board  of 
Control  passed  a  "joint  resolution"  which  identified  the  basis  for  enhancing 
program  articulation  and  facility  utilization  between  LCAVC  and  the  College 
of  Lake  County.  (See  attached  Joint  Resolution  -  Append jjK  V) 

J.  As  a  result  of  those  articulation  meetings  held  with  CLC  and  feeder  district 
staff,  a  certificate  of  completion  was  developed  for  machine  shop  and  welding 
programs.  This  certificate  of  completion  was  printed  in  bulk  for  each  partici¬ 
pating  district  offering  a  welding  or  machine  shop  program.  Feeder  district  staff 
were  directed  to  complete  a  certificate  for  each  student  and  send  a  copy  of  the 
certificate  to  LCAVC  for  those  students  planning  to  enroll  in  LCAVC  machine  shop 
or  welding  programs.  As  a  result,  LCAVC  staff  would  be  able  to  better  sequence 
learning  activities  and  not  duplicate  those  competencies  presented  in  the  feeder 
district  programs.  The  same  concept  and  procedure  is  being  planned  for  implemen¬ 
tation  with  the  College  of  Lake  County.  (See  attached  Certificate  of  Completion  - 
Appendix  VI) 

K.  A  final  report  including  task  list,  competency-based  curriculum,  suggested 
equipment,  labor  market  analysis  and  staff  inservice  training  plan  has  been 
developed  and  is  being  submitted  with  the  final  report.  This  report  deals 
with  the  subject  of  Information  Processing. 

L.  The  LCAVC  Board  of  Control  has  given  preliminary  approval  for  offering  a 
"Principles  of  Technology"  program  for  10th  and  11th  grade  students  at  LCAVC. 

M.  LCAVC  staff  have  been  actively  involved  in  a  variety  of  staff  development 
activities  during  the  1984-85  school  year.  (A  summary  of  those  activities 
is  included  in  Appendix  VII.) 

N.  Education/industry  linkage  has  been  initiated  with  Abbott  Laboratories  and 
Baxter  Laboratories.  One-week  training  slots  with  Abbott  have  been  arranged 
for  selected  LCAVC  and  ETE  staff  during  the  summer  of  1985.  Additional  LCAVC 
and  feeder  district  staff  will  participate  in  this  program  during  FY86. 
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Expenditure  of  Funds: 


b. 


There  were  no  major  discrepancies  between  the  Illinois  State  Board  of  Education/ 
Department  of  Adult,  Vocational  and  Technical  Education  funding  agreement  amount 
and  actual  expenditures  claimed  for  the  project. 


c. 


Salaries 

Materials  and  supplies 
Transportation 
Instructional  equipment 
Supportive  services 
Indirect  costs 


$  36,702.00 
2,703.00 
3,250.00 
19,911.20 
12,900.00 
4,445.00 


Total 

(See  Appendix  VIII  for 


$  79,911.20 
listing  of  equipment  purchased) 


Paid  Participants  in  Activity: 


Janet  Robinson,  Secretarial  Office  Occupations  Instructor 
Lake  County  Area  Vocational  Center 
19525  West  Washington  Street 
Grayslake  IL  60030 


Twelve  years  of  experience  as  a  vocational  teacher  and  four  years  of  experience 
in  the  secretarial  work  world. 

William  Kolton,  Computer  Assisted  Drafting  Instructor 
Lake  County  Area  Vocational  Center 
19525  West  Washington  Street 
Grayslake  IL  60030 

Seven  years  of  teaching  experience,  two  years  of  work  experience. 

Wilfred  Pouler,  Retired  Training  Director,  Outboard  Marine  Corp. 

24101  -  119th  Street 
Trevor  WI  53179 


Thirty  years  of  work  experience,  three  years  of  teaching  experience.  Presently 
involved  in  authoring  a  text  on  CNC  machinery. 

Richard  W.  Glogovsky,  Assistant  Director 
Lake  County  Area  Vocational  Center 
19525  West  Washington  Street 
Grayslake  IL  60030 

Twenty-five  years  of  vocational  education  administrative  and  teaching  experience. 
Eleven  years  of  experience  in  curriculum  development /research.  Ten  summers  of 
work  experience  in  the  following:  building  trades,  golf  course  maintenance, 
auto  repair,  welding,  heavy  equipment  operation,  proto-type  machinist. 

Rose  Meyer,  Medical  Assisting  Instructor 
Lake  County  Area  Vocational  Center 
19525  West  Washington  Street 
Grayslake  IL  60030 

Seven  years  of  teaching  experience.  Four  years  of  work  experience  in  the 
medical  field. 
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Melvin  Whitmer,  Industrial  Electrical  Maintenance  Instructor 
Lake  County  Area  Vocational  Center 
19525  West  Washington  Street 
Grayslake  IL  60030 

Eight  years  of  teaching  experience  in  the  electronics  field.  Fifteen  years 
of  work  experience  in  electronic  equipment  repair. 

Reme  Tesch,  Medical  Laboratory  Technology  Instructor 
College  of  Lake  County 
19351  West  Washington  Street 
Grayslake  IL  60030 

Three  years  of  medical  lab  teaching  experience.  Four  years  of  work  experience 
as  a  lab  technician. 

Virginia  Murphy,  Free-Lance  Writer 
Virginia  Murphy  §  Associates 
224  Burton  Avenue 
Waukegan  IL  60085 

Seven  years  of  teaching  experience  (English).  Five  years  of  work  experience 
as  a  free-lance  writer  and  business  development  officer. 

Mary  Taylor,  Administrative  Secretary 
Lake  County  Area  Vocational  Center 
19525  West  Washington  Street 
Grayslake  IL  60030 

Eleven  years  experience  as  administrative  secretary  (two  years  as  project 
assistant) .  Two  years  experience  as  admissions  officer  at  Northwestern 
University. 

Leslie  Taylor,  Graphics  Consultant 
685  Garys  Drive 
Antioch  IL  60002 

B.S.  degree  in  Industrial  Technology,  Major  in  Graphics,  Illinois  State  University. 
Two  years  work  experience  in  graphics  field. 

Steven  Gurevitz,  Machine  Shop  Instructor 
Lake  County  Area  Vocational  Center 
19525  West  Washington  Street 
Grayslake  IL  60030 

Eleven  years  teaching  experience  in  machine  shop.  Fifteen  years  work 
experience  as  a  machinist. 

d.  Resource  Listing: 


(1)  Material  Resources : 

(a)  Occupational  Outlook  Handbook,  Supt .  of  Documents,  U.  S.  Government 

)  Printing  Office,  Washington  DC  20402 

(b)  Fundamentals  of  Numerical  Control,  Delmar  Publishing  Co.,  50  Wolf  Rd., 


Albany  NY 


4 


1  • 


C'i :  ^ 


V  *  4  -4  4 

r  i  •Jtf  »  A 


i 


■  -Jv) 


•.  > 


4. 


T'*'  'i‘ 


>  -)  i\ 


. ,  f ' 


C-;.,- 


.4 


V; 


JiiO 


’■  i)<.}’ ■ 


(c)  American  Machinist  NC  Machining  Series  (3  volumes),  Beckwith  Training 
Programs,  Inc.,  23500  Mercantile  Rd. ,  Cleveland  OH  44122 

(d)  Independent  Clinical  Lab  Facilities  Listing,  Illinois  Department  of 
Public  Health,  2121  West  Taylor,  Chicago  IL  60612 

(e)  Words  That  Sell,  Caddylak  Publishing,  201  Montrose  Rd. ,  Westbury  NY  11590 

(f)  The  Race  We  Dare  Not  Lose,  American  Association  of  School  Administrators, 
Dept.  108,  1801  North  Moore  St.,  Arlington  VA  22209 

(g)  Toward  Individualized  Learning,  Addison-Wesley  Distribution  Center, 

Jacob  Way,  Reading  MA  01867 

(h)  Standard  Classification  Manual,  Supt .  of  Documents,  U.  S.  Government 
Printing  Office,  Washington  DC  20402 

(i)  You  Can  Give  An  Outstanding  Speech  or  Presentation,  Caddylak  Publishing, 

201  Montrose  Rd.,  Westbury  NY  11590 

(j )  Create  Your  Employee  Handbook  -  Fast  and  Professionally,  Caddylak  Publishing, 
201  Montrose  Rd. ,  Westbury  NY  11590 


(2)  Human  Resources : 

A  complete  list  of  individuals  who  were  not  paid,  but  who  contributed  to  the 
project  are  included  as  Appendix  IX. 

(a)  LCAVC  Board  of  Control 

(b)  Lake  County  ETE  Consortium  Members 

(c)  Advisory  Committee  Members  from  Computer  Assisted  Drafting,  Electronic 
Equipment  Repair,  Health  Care  Assistant,  Industrial  Electrical 
Maintenance,  Machine  Shop,  Medical  Assisting,  and  Welding-Fabrication 
program  areas 

(d)  Articulation  Directory  which  includes  feeder  district,  LCAVC  and  CLC 
vocational  program  instructors 

e .  Major  Accomplishments  and  Significant  Findings  of  the  Project: 

Objectives  and  Accomplishments: 

1.  By  July  31,  1984,  continue  to  utilize  the  High  Tech  Consortium  (advisory 
committee)  and  seek  input  concerning  suggestions  for  high  tech  programs 
and  those  necessary  skills  and  knowledge  required  of  students  completing 
secondary  and  post -secondary  vocational  programs. 

Accomplishments:  A  High  Tech  Consortium  composed  of  members  from 
business,  industry  and  education  was  formed  and  organized  during  the 
1983-84  school  year.  This  committee  has  continued  to  be  utilized  in 
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making  suggestions  in  reference  to  new  technology  skills  and  knowledge 
required  for  employability.  This  committee  also  reviewed  existing 
program  curriculum  and  made  suggestions  for  identifying  new  subject  con¬ 
tent  as  well  as  equipment  which  should  be  integrated  into  the  curriculum 
at  LCAVC,  its  feeder  districts  and  the  College  of  Lake  County. 

2.  By  September  3,  1984,  begin  to  field  test  newly  developed  curriculum 
materials  and  high  technology  equipment  purchased  for  use  in  the  Center's 
Secretarial  Office  Occupations  Program  (Word  Processing)  and  Machine 
Shop  Program  (Computer  Numeric  Control). 

Accomplishments:  Learning  guides  developed  for  the  Wang  information 

processing  equipment  were  field  tested  in  the  Center's  Secretarial 
Office  Occupations  program  during  the  1984-85  school  year.  Also,  a 
series  of  learning  guides  related  to  Computer  Numeric  Control  were 
developed  and  field  tested  with  the  Terco  CNC  mill  and  Emco  CNC  lathe. 

3.  From  September  3,  1984,  hold  articulation  meetings  with  feeder  districts 
and  community  college  on  subjects  related  to  math,  science  and  those 
preliminary  skills  required  of  students  entering  into  the  Vocational 
Center  and  post-secondary  high  tech  vocational  programs. 

Accomplishments:  Articulation  meetings  were  held  with  a  variety  of 
program  instructors  and  administrators  from  the  feeder  districts  and 
the  College  of  Lake  County.  As  a  result  of  those  articulation  meetings, 
a  certificate  of  completion  was  developed  for  machine  shop  and  welding 
programs.  This  certificate  of  completion  was  printed  in  bulk  for  each 
participating  district  offering  a  welding  or  machine  shop  program. 
Participating  district  staff  were  directed  to  complete  a  certificate  for 
each  student  and  send  a  copy  of  the  certificate  to  LCAVC  for  those  students 
planning  to  enroll  in  LCAVC  machine  shop  or  welding  programs.  As  a  result, 
LCAVC  staff  would  be  able  to  better  sequence  learning  activities  and  not 
duplicate  those  competencies  presented  in  the  participating  district  pro¬ 
grams.  The  same  concept  and  procedure  is  being  planned  for  implementation 
with  the  College  of  Lake  County.  (See  Appendix  VI  -  Certificate  of 
Completion) 

Discussion  of  basic  skills  as  they  relate  to  science  and  math  was 
included  in  the  agendas  of  those  meetings  conducted  during  the  year. 

It  was  decided  that  basic  core  skills  (math  and  science)  be  integrated 
into  existing  vocational  programs.  The  other  option  was  to  offer  a 
specific  course,  i.e..  Principles  of  Technology,  to  students  interested 
in  pursuing  a  career  in  technology. 

4.  By  October  30,  1984,  develop  the  necessary  Action  Plans  which  will  give 
specific  direction  in  which  secondary  vocational  education  programs  can 
be  designed  to  prepare  students  with  high  technology  skills  required 
for  employment  or  entrance  into  post-secondary  programs. 

Accomplishments:  Action  plans  concerning  the  ETE  projects  were  developed 

in  part  during  the  1983-84  school  year  and  updated  to  give  specific 
direction  in  preparing  students  with  high  technology  skills  required 
for  employment  on  entrance  into  post -secondary  training  programs. 


6 


Those  specific  action  plans  addressed  the  following  issues: 

a.  Articulation  with  secondary  and  post -secondary  schools,  as  well 
as  public  and  private  employment  sector. 

b.  Surveying  population  characteristics,  student  interests  and 
employment  trends. 

c.  Identifying  basic  skills  and  methods  for  student  acquisition 
of  the  same. 

d.  Identifying  new  programs  and  existing  programs  requiring 
updates  to  represent  new  technology. 

e.  Personnel  training  to  train  and  update  staff  with  new  tech¬ 
nology  as  it  relates  to  their  program  area. 

f.  Plan  and  update  facilities  and  equipment  to  meet  the  needs  of 
individuals  in  presenting  education  for  future  employment 

g.  Providing  support  services  to  strengthen  both  program  and 
employment  placement  for  students,  including  an  emphasis  on 
individualized  career  planning  for  secondary  and  post- 
secondary  students. 

5.  By  January  18,  1985,  participate  as  an  informal  test  site  in  utilizing 
segments  of  the  "Principles  of  Technology"  curriculum  developed  by  the 
Center  for  Occupational  Research  and  Development  (CORD) . 

Accomplishments:  Selected  segments  of  "Force",  "Work",  and  "Rate"  taken 

from  "Principles  of  Technology"  CORD  curriculum  have  been  integrated 
into  the  Industrial  Electrical  Maintenance  program.  Three  competency- 
based  learning  guides  containing  POT  curriculum  have  been  developed  and 
field-tested  in  the  Center's  lEM  curriculum  during  the  1984-85  school 
year.  Copies  of  those  learning  guides  have  been  included  in  the  third 
quarterly  report  for  FY85. 

A  formal  one-year  POT  program  is  planned  to  be  offered  to  participating 
10th  and  11th  grade  students  during  the  1985-86  school  year. 

6.  By  June  30,  1985,  update  LCAVC  and  feeder  district  staff  with  new  tech¬ 
nology  by  utilizing  staff  development  support  available  through  the  ETE 
project  at  Eastern  Illinois  University. 

Accomplishments:  LCAVC  staff  have  been  actively  involved  in  staff 

development  activities  during  the  1984-85  school  year.  All  $10,000 
made  available  through  Eastern  Illinois  University  was  utilized  in 
updating  LCAVC  staff  with  new  technology  as  it  relates  to  their  pro¬ 
gram  areas.  A  complete  list  of  participants  and  workshops  attended 
are  identified  in  A^pp^adix  VII . 
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f.  Major  Dissemination  Activities: 


1.  Outcomes  disseminated: 

(a)  High  tech  task  lists,  suggested  high  tech  curriculum  with  supportive 
learning  guides  for  the  Secretarial  Office  Occupations  Program 
(Information  Processing),  Machine  Shop  Program  (Computer  Numerical 
Control),  Computer  Assisted  Drafting  Program  (CAD),  Industrial 
Electrical  Maintenance  Program  (Robotics) ,  and  Health  Occupations 
Program  (Medical  Assisting)  were  disseminated  during  FY85. 

(b)  A  comprehensive  curriculum  study  on  integrating  information  pro¬ 
cessing  into  a  Secretarial  Office  Occupations  program. 

(c)  An  alternative  type  of  staff  inservice  plan  for  staff  interested 
in  integrating  new  technology  into  their  program  areas  (industrial 
visitations) . 

(d)  Program  curriculum  articulation  products  developed  jointly  by 
LCAVC  and  feeder  district  staff.  Generic  task  lists  have  been 
used  and  disseminated  in  order  to  eliminate  duplication  of  infor¬ 
mation  presented  to  feeder  district  students  enrolling  into  LCAVC 
programs . 

2.  Target  audiences: 

(a)  Feeder  district  high  school  vocational  directors,  counselors 
and  faculty 

(b)  Area  vocational  center  directors,  counselors  and  faculty 

(c)  College  of  Lake  County  vocational-technical  administrators, 
department  and  division  chairs,  and  vocational,  technical  and 
occupational  faculty 

(d)  University  administrators,  occupational  department  chairs  and 
occupational  training  faculty 

(e)  State  of  Illinois  ETE  Directors 

(f)  DAVTE  Research  and  Development  Staff 


g .  Staff  Development  Activities: 

Staff  development  activities  were  conducted  on  a  continuous  basis  during 
the  1984-85  school  year.  Fourteen  out  of  nineteen  program  staff  members 
participated  in  workshops  related  to  new  technological  changes  in  respect 
to  their  areas  of  concentration.  A  listing  of  those  participants  and  the 
specific  workshops  attended  is  in  Appendix  VII. 
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Publicity: 


A  concentrated  effort  was  made  to  publicize  the  Center’s  involvement  in  the 
ETE  project  and  the  products  developed  during  the  past  two  years.  See 
Appendix  X  for  ETE  publicity  developed  during  the  1984-85  school  year. 


i.  Statement  of  Impact: 

The  new  technology  curriculum  materials  developed  during  the  1984-85  school 
year  are  very  useful  to  vocational-technical  teachers  and  administrators 
in  updating  their  existing  vocational  programs.  This  material  will  help  to 
make  vocational  programs  more  relevant  with  today's  new  technological 
manufacturing  processes. 


j.  Conclusions  and  Recommendations: 


Conclusions : 

1.  Project  activities  have  helped  vocational  centers  and  feeder 
district  high  schools  in  program  planning,  staff  development 
and  equipment  selection  for  the  integration  of  new  technology 
into  their  programs. 

2.  Project  activit:i-es..,Jiave  improved  communication  and  articulation 
between  various  feeder  districts  and  promoted  the  regionalization 
concept  of  vocational  education  in  Lake  County. 

Recommendations : 

1.  More  effort  will  need  to  be  placed  in  addressing  the  basic  skill 
requirements  of  vocational  students  planning  to  enter  into  a 
specific  technical  career. 

2.  Administrative  and  staff  cooperation  between  LCAVC,  feeder 
districts  and  the  College  of  Lake  County  will  need  to  continue 
at  a  high  level  during  the  1985-86  school  year.  Facilities, 
program  offerings  and  equipment  will  need  to  be  studied  in  detail 
and  future  program  offerings  will  need  to  be  identified  based  on 
quality,  accessibility  and  cost. 

3.  Formal  articulation  agreements  dealing  with  curriculum  sequencing, 
facility  usage  and  obtaining  proficiency  credit  for  knowledge 
acquired  will  need  to  be  formalized  with  the  appropriate  institu¬ 
tions  during  the  1985-86  school  year. 
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APPENDICES: 


I.  Industrial  Electrical  Maintenance  Learning  Guides  and 
Task  Listing  by  Occupational  Titles 

II.  Machine  Shop  Learning  Guides 

III.  Medical  Assisting  Learning  Guides 

IV.  Secretarial  Office  Occupations  Learning  Guides 

V.  CLC/LCAVC  Joint  Resolution 

VI.  Certificate  of  Completion 

VII.  Staff  Development  Activities 

VIII.  Equipment  Purchased 

IX.  Non-Paid  Project  Participants 

X.  Publicity 
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APPENDIX  I 


Industrial  Electrical  Maintenance  Learning  Guides 

and 

Task  Listing  by  Occupational  Titles 
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Illinois  State  Board  of  Education 

Department  of  Adult  Vocational  and  Technical  Education 
Research  and  Development  Section 


Product  Abstract 

1  Titio  nt  maTonai  ^  Industrial  Electrical  Maintenance  Learning  Guides 

FY8  8 

2.  Date  material  was  completed _ ° _ 


X 


Revised  material 


3.  Please  check  one:  New  material 

Lake  County  Area  Vocational  Center 


Field-tested  material 


4  Originating  agency 
Address _ 


19525  West  Washington  Street,  Grayslake  IL 


5.  Namels)  of  developer(s) 


Address 


Melvin  Whitmer 


Lake  County  Area  Vocational  Center 


6.  Developed  pursuant  to  Contract  Number. 


R=99-25-X-0000-499 


-  titles  listed 

on  reverse  side 


Zip  CnriP  60030 


Zip  Code 


7  Subject  Matter  (Check  only  one  according  to  Department  of  Education  Code); 
Code 


01  Agricultural  Education 
03  Business  and  Office  Education 
04  Distributive  Education 
07  Health  Occupations  Education 
09  Home  Economics  Education 


8.  Education  Level: 


10  Industrial  Ans  Education 

1 6  Technical  Education 

17  Trade  and  Industrial  Education 
22  Cooperative  Education 

Career  Education 
Other  (Specify) _ ' 
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Y 
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9.  Intenoed  for  Use  By; 

X  XX 

- Student  _ Classroom  Teacher _ Local  Administrator 

- Teacner  Educator  _ Guidance  Staff  _ State  Personnel 

_ Other  (Soecify; _ _ 


10.  Student  Type: 

X  .Regular  _ Disaovantagec  _ Hanaicapoeo 

_ Limiteo-Engiisn  Proficiency  _ Other  (Soeciry; 
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_ Hard  Douno 

_ Color 

_ Color 

^  '  on«;p-PPT 

inrnps; 

_  mm 

Photo*;-  Yp«; 

No 

Ciaoram?;:  Yo<; 

No 

SLIDES 


_ FILM  STRIPS 


_ AUDIO 


_ OTHER 


_ Automatic  synch  Specify 
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__  Manual  cue 
__  Reel 
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_  Cartridge 


12  Availability: 


One  copy  free 

Por  sale  S  per  copy 

_  Not  eveilehle 

X  In  ERIC  system  (No  , 

_  - Loan  rnpY  avaiiahle 

Contact  Ngme 

East  Central  Network  for  Curriculum 

Coord. 

Phnn»217i  786-6375 
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Illinois  Vocational  Curriculum  Center 
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13.  Copyright  flestnctions: 

Contact  Niame 

NONE 

„_Phnne(  1 
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14  What  level(s)  of  assistance  is  required  to  provide  implementation  of  this  outcome? 

awareness  X  understanding 

_ deciding  implementing 


1 5.  Are  Consultive/lnservice  <or  staff  development)  available?  Yes— _  Nn 

Contact:  Illinois  State  Board  of  Education 

Deoartment  of  Adult.  Vocational  and  Technical  Education 
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100  North  First  Street 

Springfield.  IL  62777 

(217)  782-4620 


16  General  Description  (State  the  general  objective  and  suggested  method  of  use.  Summarize  the  content  and  tell  how  it  is 
organized.  Write  the  description  so  that  it  can  be  used  to  promote  the  material.  Continue  on  back  of  this  sheet  or  on 
another  sheet,  if  necessary j 

Competency-based  learning  guides  for  learning  basic  skills/knowledge _ 

1 7  Person  Completing  this  Ah^trarr  Richard  W.  Glogovsky 

Lake  County  Area  Vocational  Center 
Full  Aaoress  19525  West  Washington  Street 
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_ Other  packaging  used 
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LEARNING  GUIDE  TITLES: 

1.  Identify  fluid  system  ■  oohomat-io  symbols - 

2.  Describe  unified  technology  concepts 

3.  Identify"  fluid" sy sLeiii ■'’CPiiiponeuLs - ; — 

4.  Connect  fluid  system  valves 

5.  Connect  fluid  system  actuators 

6.  Connect  venturi  vacuum  generator 

7.  Describe  pressure  and  force  in  a  fluid  system 
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COMPETENCY-BASED^ 

INDIVIDUALIZED 

VOCATIONAL 

EDUCATION 

INSTRUCTION 


STUDENT  LEARNING  GUIDE 


Produced  By  M,H.  WHITMER  Date  1/85 


TASK:  IDENTIFY  FLUID  SYSTEM  SCHEMATIC  SYMBOLS 


PURPOSE.  You  must  understand  the  principles  of  fluid  systems  as  they  apply 
to  robotics  and  automated  manufacturing.  The  intermediate  ob¬ 
jectives  under  this  task  presents  the  schematic  symbols  and  inter- 

i*  connections  to  help  you  achieve  the  needed  understanding.  The 

modem  electrical  maintenance  person  knov/s  how  fluid  systems 
work  so  that  troubles  can  be  identified  and  repairs  effected 
I  rapidly. 


INDUSTRIAL  ELECTRICAL  MAINTENANCE 


f Program 

1  ask 

Est.Time 

Prereq/^ 

V-'.ioo: _ i  :iQ  1 

:  hrs 

NONE  y 

edk 


LEARNING  CONTRACT  (optional) 


2.  TERMINAL  PERFORMANCE  OBJECTIVE 

Given  a  written  evaluation,  you  will  identify  fluid  system  symbols.  You 
must  score  100%  on  the  written  test  for  this  objective. 


2a.  INTERMEDIATE  OBJECTIVE(s) 

1.  Identify  the  physical  parts  location  on  the  pneumatics  trainer. 

2.  Identify  the  graphic  symbols  for  the  components  used  fluid  systems. 


3.  AGREEMENT 


reouirement  within 


_  agree  to  complete  the  aoove  stated  terminal  performance 
to _ I  further  recoanize  that  the  conditions  of  the 


contract  (performance  and  time  agreement)  report  my  aoitity  to  oerform  the  requirements  of  the 
occupation  and  record  my  progress. 


Student's  Signature 


Instructors  Signature 
(verifies  comoetencv) 


/^Program 

T  ask 

Page'^ 
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INTERMEDIATE  OBJECTIVE 


Identify  the  physical  parts  location  on  the  pneumatics  trainer. 


LEARNING  STEPS  (Activities) 

1.  Read  the  information  sheet  cited 
in  resource  to  learn  the 
function  of  the  trainer. 

2.  Perform  the  action  called  for 
on  the  procedure  sheet  cited  in 
resource  ^2 

3.  Complete  the  self-help 
performance  checklist  cited  in 
resource  ^3  to  assure  mastery  of 

the  objective. 

4.  Proceed  to  the  next  objective 


RESOURCES 


1.  Information  sheet  #1,  page  4,  is 
entitled  "Brat  500" 


2.  Procedure  sheet  ^'1,  pages  6  and  7  are 
entitled  "Trainer  Familarization" 


3.  Self-help  performance  checklist 
^1,  page  8  is  entitled 
"Parts  Location" 


4.  The  next  objective  starts  on 
page  10. 


""  Program 

Task 

Page  ^ 

1^17. loo: 

-10 

^  J 

Many  experiments  will  not  reflect  true  component  action  if  any  sizeable 
leaks  take  place.  After  a  period  of  tine  and  continuous  use  of  component 
circuit  acitivities ;  you  may  develop  a  slight  air  leak  at  the  barb  fitting 
and  tubing  connection,  (See  illustration  ^2).  This  may  occur  if  the  tubing 
gets  stretched  out  of  shape.  If  this  happens,  simply  cut  off  the  end  of  the 
tubing  and  reconnect. 

SYMBOLS 

All  symbols  used  on  the  activities  are  considered  standard  by  all  industrial 
requirements  and  are  the  U.S.A.  STANDARD  GRAPHIC  SUMBOLS,  however,  when  vou  enter 
field  work  you  will  see  some  minor  variances  from  schematic  to  schematic. 


CAUTION:  AVOID  CLEANING  TUBING  WITH  ANY  CHEMICAL  CLEANING  FLUIDS, 


Program 

Task 

Page 
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INFORMATION  SHEET  ^  1  (Cont.) 


PROCEDURE  SHEET  #1 


TRAINER  FAMILIARIZATION 

OBJECTIVE:  To  identify  each  operational  portion  of  the  BRAT  500  and  how  to  apply 
them  to  the  following  activities. 

MATERIALS  NEEDED:  1  -  BRAT  500 

1  -  60  PSI  AIR  SUPPLY 
1-115  VAC  GROUNDED  POWER  SOURCE 
1  -  STUDENT  LEARNING  GUIDE  210 
1  -  PENCIL 

PROCEDURE  USING  THE  ILLUSTRATIONS  ON  THE  FOLLOWING  PAGES,  AND  FOLLOWING  EACH 
TESTING  PROCEDURE  YOU  WILL  HAVE  YOUR  FIRST  OPPORTUNITY  TO  DEMONSTRATE  EACH  PORTION 
OF  THE  BRAT  500  TRAINER. 


NOTE:  CHECK  OFF  EACH  STEP  THAT  YOU  MASTER  SO  THAT  YOU  WILL  RECORD  YOUR  PROGRESS. 


STEP  ^1  -  Connect  your  laboratory  air  supply  to  the  air  inlet  connector 
provided  on  the  BRAT  500  (See  Illustration  , 

STEP  ^2  -  Connect  the  three  prong  grounded  line  cord  on  the  BRAT  500  to 
the  115  VAC  outlet. 

STEP  #3  -  Using  the  illustration  below,  locate  the  instrument  and  test 

station  panel  and  observe  the  following  components;  TEST  GAUGE: 
used  to  test  and  record  pressure  within  a  circuit.  REGULATED 
PRESSURE  STATIONS:  Used  to  isolate  a  desired  pressure  within  a 
circuit.  FILTER  AND  REGULATOR:  Used  to  regulate  and  filter 
the  incoming  air  supply  to  the  trainer. 

STEP  -  Locate  the  component  storage  board,  the  storage  board  houses 
the  various  components  used  on  the  proceeding  activities. 

.After  each  experiment,  replace  all  components  to  this  area 
to  avoid  misplacing  any  components. 

STEP  -  Locate  the  Valve  and  Manifold  .Assembly.  The  valve  pack  supplied 
has  seven  manifolds  with,  two  air  piloted  valves,  two  electric 
piloted  valves,  two  manual  piloted  valves  and  one  blank  manifold 
for  expansion  or  addition  of  advanced  pneumatic  kits.  .All 
valves  are  removable  and  interchangeable  with  all  manifolds. 


c 
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Step  #6 

The  12  volt  output  jacks  are  located  directly  below  the  valve  assembly  and  is 
used  to  power  the  electric  piloted  single  and  double  solenoid  valves.  Each  output 
jack  is  powered  by  the  12  volt  input  switches  and  all  operate  independent  of  each 
other. 

Step  ^7 

The  Power  On/OFF  switch  supplies  the  power  source  for  the  12  volt  outputs  and 
must  be  activated  to  use  the  electric  piloted  valves. 

Step  ^8 

Locate  the  Pneumatic  Input  switches.  The  input  switches  activate  the  cor¬ 
responding  pneumatic  output  ports  when  the  fast  connectors  supplied  are  screwed 
completely  down.  The  input  switches  are  not  used  for  activating  the  manual  piloted 
valves,  or  the  electric  piloted  valves. 

Step  #9 

The  work  surface  is  used  to  assemble  circuits  using  the  components  supplied. 
Step  #10 

Note  that  each  pneumatic  input  and  output  is  shown  on  the  illustration  with 
an  "a”  or  "b”  assigned.  This  denotes  the  A  and  B  ports  on  the  manifolds  and  will 
be  referred  to  in  various  activities.  Further  explanation  of  these  ports  will  be 
discussed  in  later  activities. 

Step  #11 

Adjust  the  Filter  Regulator  to  read  40  PSI  on  the  gauge. 

Step  #12 

Activate  PNEUMATIC  INPUT  swtich  lA,  place  a  fast  cibbect  barb  on  PNEUMATIC 
OUTPUT  PORT  lA  and  slowly  screw  it  on.  What  did  you  observe? 


NOTE:  ALL  FAST  CONNECTORS  REACT  THE  SAME. 

Step  #15 

Turn  the  POWER  switch  to  the  ON  position,  take  the  leads  from  the  single 
solenoid  electric  valve  and  plug  into  the  12  volt  output  jack  numbered  I.  Place 
a  fast  connector  on  output  5A  and  activate  the  12  volt  input  switch  -1.  IVliat  did 
you  observe? _ _ "  _ 


Steo  =14 


REVIEW  EACH  OF  THE  STEPS  YOU  HAVE  JUST  COMPLETED  .4ND  ASSURE  YOURSELF  TFLVT  YOU 
HAVE  MASTERED  THE  CORRECT  LOCATION  OF  EACH  PART 


PERFORMANCE/PRODUCT  CHECKLIST 


Program:  industrial  electric  maintenance 

Task  No: 

Identify  the  physical  parts  location  on  the  pneumatic  trainer. 

Student’s  Name: _ _  Date  Of  Attempt: _ 

Evaluator’s  Name: _ _  Evaluation  Site: - 

Performance  Attempt:  12  3  4 

Terminal  Performance  Objective: 

Given  a  written  evaluation,  you  will  identify  fluid  system  symbols. 

You  must  score  100%  on  the  written  test  for  this  objective. 


Directions  To  The  Student: 

Before  attempting  this  task  for  mastery,  carefully  review  this  checklist.  You  will  be  eval¬ 
uated  on  the  basis  of  this  checklist.  When  you  feel  you  are  ready  forevaluation,  contactyour 

instructor.  You  must  complete  your  performance  within _ _ minutes  and  must 

score  at  least _iQ _ out  of  _ points  or _ _ %  for  mastery.  Critical 

Items  are  marked  with  an  asterisk  (’)•  These  items  must  be  satisfactorily  completed. 


Directions  To  The  Evaluator: 

j 

The  student  will  contactyou  when  ready  for  the  evaluation.  The  student  must  comolete  | 

the  performance  within  _ minutes  and  must  score  _ outnf  i 

points  or  — 100 _ o/o  and  ail  items  marked  with  an  asterisk  (*)  must  be  satisfactorily  / 
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Parts 


ITLMS  TO  BE  OBSERVED  OR  CHECKED 


location 


Lever  valve 
Solenoid  valve 
Air  piloted  valve 
Test  Gauge 
Output  Ports 
Input  indicators 
Power  Indicator 
Pneumatic  inputs 
Pressure  regulator 
12  volt  jacks 
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RATING 
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TOTAL  POINTS  EARNED 


POINTS  NEEDED  FOR  MASTERY  -  10 
TOTAL  POINTS  POSSIBLE  =*10 
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INFORMATION  SHEET  #2 


GRAPHIC  SYMBOLS 

Graphic  symbols  for  fluid  power  diagrams  have  been  developed  by 
the  American  National  Standards  Institute  (ANSI)  to  provide  a  means  of 
communication  standards  that  serve  industry  and  education.  The  standards 
serve  to  simplify  design,  fabrication,  analysis  and  servicing  of  fluid 
power  systems;  they  have  no  language  barriers. 

The  ANSI  Graphic  System  utilizes  elementary  geometrical  forms  to 
depict  components  and  circuits.  These  forms  include:  circles,  squares, 
rectangles,  triangles,  arcs,  arrows,  lines,  dots  and  crosses. 


The  symbols  attempt  to  describe  component  function  rather  than  construction 
In  addition,  they  provide  a  means  of  showing  how  many  of  the  fluid  power 
components  operate  hydraulically,  electrically,  manually,  etc.  The  standards 
include  basic  symbols  which  differentiate  between  hydraulic  and  pneumatic 
fluid  components  and  circuits. 


In  addition  to  graphic  symbols,  fluid  power  systems  and  components 
can  be  illustrated  with  pictorial  and  cutaway  symbols.  Pictorial  symbols 
are  useful  for  showing  the  interconnections  of  components,  but  are  difficult 
to  standardize  from  a  functional  basis.  Cutaway  symbols  are  used  to 
emphasize  construction,  but  are  complex  to  draw  and  they  do  not  readily 
indicate  functions. 


In  order  to  use  the  system  to  its  maximum  potential,  the  following 
general  rules  must  be  understood  and  followed; 


*Symbols  show  connection,  flow  paths  and  function  of  components 
represented.  They  do  not  indicate  condition  occuring  during  transition 
form  one  flow  path  arrangement  to  another.  Further,  they  do  not  indicate 
construction  or  values  such  as  pressure  flow  rate,  and  other  component 
settings . 

*Symbols  do  not  indicate  location  of  ports,  direction  of  shifting  of 
spools  or  position  of  control  elements  on  an  actual  component. 


*  The  position  of  size  of  a  symbol  can  be  altered,  for  component 
emphasis  in  an  circuit,  without  changing  its  meaning. 

*Each  symbol  is  drawn  to  show  normal  or  neutral  condition  of  component 
unless  multiple  circuit  diagrams  are  furnished  showing  various  phases  of 
circuit  operation. 

*Arrows  used  within  symbol  envelops  show  direction  of  fluid  flow 
in  a  comnonent  as  used  on  the  application  represented,  Double-end  arrows 
indicate  reverse  flow. 
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SYMBOLS 


All  symbols  used  in  the  activities  are  considered  standard  by  all 
industrial  requirements  and  are  the  U.S.A.  standard  graphic  symbols. 
However,  when  you  enter  field  work  you  will  see  some  minor  variances 
from  schematic  to  schematic. 


CAUTION 

Avoid  cleaning  tubing  with  any  chemical  cleaning  fluids . 

SAFETY 

Always  use  care  when  releasing  compressed  air  near  eyes,  nose,  ears, 
or  throat.  Serious  injury  or  death  have  been  caused  by  thoughtless  use 
of  compressed  air.  Recommened  operating  air  pressure  of  the  BRAT  500 
should  not  exceed  60  PSI. 

The  BRAT  500  requires  a  115VAC  power  source  input.  The  BRAT  500 
is  grounded  and  fused  and  has  a  12-16  volt  output  for  safety.  If  you 
have  any  questions  about  safety  procedures,  advise  your  instructor. 
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SYM8C3L 


pnbjmatic  valves 


ofsoiirnoN 


Pfijorr  OFQI4JEO  TO  OPOl 


CMGCX  _ 

PUTT  OPSIATED  TO  CLOSE 


m 


2  POSITION 
2  VMY 


ON-OPP 

S1MPUF1ED 


TTUX 


2  POSITION 

3  NAY 


Z 


2  POSITION 

4.  WAY 


2nzi 


2  POSITION,  *  WAY 

5  PORTED 


.X-Z. 


X 


3  POSITION ,  A  WAV 

PORTS  GLOSS),  CENTER  POSTHON 


XTlQ 


3  POSITION,  AW«f,  SPORTED 

(Cylinder  ports  ooen  to  pressure  in  center  pas.} 


rRHx 


3  POSITION.  A  WAY.  INHNITE  POSITIONING 

(Cylinoer  ports  ooen  to  exnousr  in  center  pos.} 


QUICE  EXHAUST 


SHUTTLE 


Program  Task 


1  nn' 


1  :io 


j.  j 


INFORMATION  SHEET 


VALVE  ACTUATORS 

SVMML 

UUUUFTIUN 

01  a: 

MAWIUI.  ONOUL  SVmOL 

a=C 

PUSH  BUTTON 

oc 

Ural 

PIDM.  OR  T1IKAOI.fi 

oC  ^ 

****  CAM-  TOOULK  STC. 

W  wC 

mm 

C  or 

QHTENT 

UNK  imeans  NMCM  OKTBiT  IS  IN  USl 

El 

SGLENOB 

INTBSNAL  PKjOrSVKUr 

RKMOTK  mjarzurmy 

COaPLKTK  SaVLiPIKO 

eZ 

INTEKNAL  PRUT  EXHAUST 

1 

PILOT  EXHAUST  TO  ATMOSWUni  1 

j 

1*^1  zTJ^ 

PILOT  UIWUIKNI'UU. 

coiMfn  snvupiKO  I 

ITIFj  !  **" 

_  1  SCLENOn  Aia  PILOT 

1/  1  i  Oil  conranc 

!  StXENOn  OK  MANUM.  OVEinaOl 

1  / 

ANO/QR  GOtPOSnS  | 

SoMnou  ana  oikiT  or  manual  ovan^f^ 

-  1  MO/0«  OMPani.  SoNmna  cm 

I  pnot  or  tuNlui.  amnaa  ana  oant 
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AIR  PREPARATION  UNITS 

SYMBOL 

OESanPTTON 

PIUEH  SEPARATOR 

WITH  MANUAL  DRAIN 

FIUEH  SEPARATOR 

WITH  AUTOMATIC  DRAIN 

AUTOMATIC  DRAIN 

^0—  ■ 

LUBRICATOR 

LESS  DRAIN 

■—9— 

LUBRICATOR 
'  WITH  MANUAL  DRAIN 

—9— 

LUBRICATOR 

WITH  AUTOMATIC  FILLING 

1 

rh 

AIRHJNE  PRESSURE  RBSULATOR 

ADJUSTABLE  REUEVING 

1 

r-[ 

1 

1 _ 

i 

1 

AIR-LJNE  PRESSURE  REGULATOR  | 

PILOT  •  CONTROLLED  RELIEVING 

1  ^ 

1 

AIR-UNE  COMBO  F  R  L  1 

SIMPLIFIED 
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SELF-HELP  EVALUATION  ^  3 


1.  Describe  and  list  four  application  of  pneumatics: 


2.  Name  the  three  methods  of  transmitting  power: 


3,  List  four  advantages  and  two  disadvantages  of  pneumatic  power: 


4.  What  technologies  are  considered  FLUID  POWER: 


5.  What  GAS  LAWstates,  Pressure  in  liquid  or  gas  in  a  confined  body 
acts  equally  in  all  directions,  and  always  at  right  angles  to  the 
containing  surfaces : 


6.  IVhat  is  the  formula  for  BOYLE’S  LAW: 


TRUE  or  FALSE,  Pneumatic  power  is  fast  to  repond  to  stopping  and  starting 


f  Program 

Task 

Page 

\^i7.1002 

210 

16  J 

[’ROGR.AM  industrial  ELECTRICAL  MAINTENANCE 


CRITliRION  I-.X.VM 


I  ASK  --  210  IDENTIFY  FLUID  SYMBOLS 


1HR[;CTI0.\S: 

riii;  PURPUsi-  oi-  this  liXAM  is  to  f)i;Ti-:RMT\'i  ivii!;thl-r  ('ir  not  \oli  iiwi- 
u\i)i:rst()oh  mi:  int-oi^mation  on  fluid  symbols  and  their  related 

PHYSICAL  COMPONENTS. 

i:ach  of  tlie  questions  or  incomplete  statements  beiovv  is  foilovNod  l5y 
several  words,  phrases,  or  a  series  of  numbers.  Choose  the  one  which 
best  answers  the  question  or  completes  the  statement  correctly.  Place 
the  letter  associated  with  that  choice  (.\,B,C  or  D)  in  the  numbered 
blank  space  on  your  ANSWER  SllIiliT.  00  NOT  WRITE  O.N  THIS  TEST!::  To 

master  this  e.xam  you  must  answer  IQ _  out  of  10 _ 

items  correctly,  _ IQQ _ . 
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CRITERIA  EXAM  FOR  210 

Match  symbol  with  description.  Place  letter  before  number. 


A.  LUBRICATOR  WITO  MANUAL  DRAIN 
3  QUICK  EXHAUST 

c.  MECHANICAL  CAM  TOGGLE  ETC. 


o  • 


U;  CHECK  PILOT  OPERATED  TO  OPEN 


E"  PILOT  DIFFERENTIAL 
*  COMPLETE  SIMPUFTED 


F.  3  POSITION,  4  WAY,  3  PORTED 

(CYLINDER  PORTS  OPEN  TO  PRESSURE  IN  CENTER  POS 


AIR- LINE  PRESSURE  REGULATOR 
•j*  ADJUSTABLE  RELIEVING 


REMOTE  PILOT  SUPPLY 
COMPLETE  SIMPLIFIED 


T  :  POSITION 
3  WAY 


J. 


AIR- LINE  COMBO 
SIMPLIFIED 
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STUDENT  LEARNING  GUIDE 


Produced  By  M.H.  WHITMER 


Date  1/85 


TASK:  DESCRIBE  UNIFIED  TECHNOLOGY  CONCEPTS 


& 


PURPOSE;  You  must  understand  the  principles  of  unified  technology  concepts 

as  they  apply  to  robotics  and  automated  manufacturing.  The 
intermediate  objectives  under  this  task  present  the  unified 
concepts  to  help  you  achieve  the  needed  understanding.  The 
modem  electrical  miantenance  person  knows  the  unified  tech¬ 
nology  concepts  so  that  troubles  can  be  identified  in  the 
correct  system  and  repairs  effected  rapidly. 


INDUSTRIAL  ELECTRICAL  MAINTENANCE 
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STUDENT  DATA 


NAME 


LENGTH  OF  CONTRACT  (NORMAL  TIME  IN  HOURS) 


SOCIAL  SECURITY  NUMBER 


2.  TERMINAL  PERFORMANCE  OBJECTIVE 

Given  a  written  evaluation,  you  will  describe  the  unified  technology 
concepts  as  they  apply  to  fluid  systems.  You  must  score  100%  on  the 
written  test  for  this  objective. 
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INTERMEDIATE  OBJECTIVE 


#1 


IDENTIFY  THE  FUNDAMENTAL  PRINCIPLES  OF  FLUID  SYSTEMS. 


LEARNING  STEPS  (Activities) 


1.  Read  the  information  sheet  cited 

in  Resource  #1  to  learn  about  fluids. 


2.  Identify  the  fluid  laws  cited  in 
Resource  #2  to  learn  about  the  gas- 
laws . 

3.  Complete  the  self-help  evaluation 
cited  in  Resource  #3  to  determine 
your  level  of  understanding. 

4.  Proceed  to  the  next  Intermediate 
Objective  to  continue  your  progress. 


RESOURCES 


1.  Information  Sheet  #1,  pages  4  and  5 
are  entitled  "Fundamentals  of 
Pneumatics . " 

2.  Information  Sheet  #2  pages  6  and  7 
are  entitled  "Basic  Gas  Laws." 


3.  Self-help  evaluation  #1  page  8  is 
entitled  "Principles  of  Fluid 
Systems . " 

4.  Intermediate  Objective  ^2  begins  on 
page  9. 
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FUNDAMENTALS  OF  PNEUMATICS 


Man  has  always  searched  for  new  ways  to  extend  his  physical  capabilities  by 
harnessing  and  using  energy  produced  by  nature.  The  study  of  power  technology 
concerns  energy  sources,  the  conversion  of  those  sources,  and  the  method 
of  transmitting  power  for  many  industrial  and  technical  applications.  There 
are  three  methods  of  transmitting  power:  (1.)  electrical,  (2.)  mechanical 
and  (3.)  fluid  power  which  includes  pneumatics  and  hydraulics.  In  this 
student  guide,  you  will  study  the  control  and  transmission  of  power  through 
pneumatics . 

Over  the  past  two  decades  fluid  power  has  had  a  great  impact  and  influence 
on  American  industry.  Over  85%  of  all  automated  systems  depend  upon  pneumatics 
and  hydraulics  for  muscle  power. 

Fluid  power  is  the  main  source  for  many  applications  such  as  robotics, 
feeding  systems,  air  cooling  and  heating,  parts  positioning  and  lifting 
heavy  payloads.  Many  industries  such  as  agriculture,  chemical  process, 
construction,  materials  handling,  steel  production,  transportation  and  robotics 
depend  upon  the  use  of  fluid  power. 

Some  of  the  advantages  and  disadvantages  of  fluid  systems  are: 

ADVANTAGES 

1.  Clean  and  safe  from  fire. 

2.  Easy  to  store. 

3.  Speed,  fast  response  to  starting  and  stopping. 

4.  Quiet  operation  if  properly  muffled. 

5.  No  return  line  needed. 

6.  Readily  available. 

7.  Efficient  method  of  multiplying  force, 

DISADVANTAGES 

1 .  Expensive 

2.  Has  pressure  limits. 

3.  Possible  leakage. 

4.  Compressibility  is  a  safety  hazzard. 

On  the  following  page,  you  will  see  several  pictures  representing  the  multitude 
of  applications  for  pneumatic  control  and  actuation. 
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INFORMATION  SHEET  #2 


BASIC  GAS  LAWS 


PASCAL'S  LAW: 

Pressure  in  liquid  or  gas  in  a  confined  body  acts  equally  in  all  directions, 
and  always  at  right  angles  to  the  containing  surfaces,  because  air  and 
hydraulic  fluids  act  according  to  Pascal's  Law  that  force  and  motion  can  be 
transmitted  through  them.  Fluid  or  air  will  take  the  shape  of  its  container. 


CHARLES'  LAW: 


A  gas  reacts  to  a  change  in  temperature  much  the  same  way  as  to  changes  in 
pressure.  If  the  temperature  increases,  the  pressure  increases  on  the  same 
ratio  providing  the  volume  stays  the  same.  The  principle  of  a  gas's  reaction 
to  changes  in  temperature  is  called  CHARLES'  LAW. 

BERNOULLI'S  LAW: 

The  higher  the  speed  of  a  flowing  gas,  the  lower  the  pressure.  If  the  speed 
decreases,  the  pressure  increases  and  equally  as  the  speed  increases,  the 
pressure  decreases. 

BOYLE'S  LAW: 

When  the  temperature  stays  the  same,  the  volume  of  a  given  mass  of  gas  varies 
inversely  as  its  absolute  pressure. 

This  means  when  we  compress  a  gas,  we  push  the  molecules  closer  together. 

Then  compressing  a  gas  to  half  its  original  volume  doubles  the  density  of 
the  molecules.  It  also  doubles  the  rate  that  the  molecules  strike  into  the 
walls  of  the  container,  which  doubles  the  gas  pressure  against  the  container 
walls..  When  a  given  mass  of  gas  expands  to  twice  its  original  volume,  the 
molecules  are  farther  apart  and  the  number  of  times  that  the  molecules  stike 
the  container  wall  is  cut  in  half.  This  relationship  is  shown  in  the  diagram 
below. 
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This  relationship  is  a  simple  but  very  important  formula  which  is  used  in 
analyzing  pneumatic  systems. 


PI  V1=:P2  V2  or  P2  =  PI  VI 

V2 


PI  is  the  initial  pressure  os  psia 
P2  is  the  final  pressure  in  psia 

VI  is  the  initial  volume  in  cubic  inches  or  cubic  feet 
V2  is  the  final  volume  in  cubic  inches  or  cubic  feet 


Starting  with  cylinder  x  having  a  volume  VI  and  a  gas  pressure  of  PI.  When  we 
place  a  force  on  the  piston  Y,  the  volume  is  decreased  and  the  pressure  os  in¬ 
creased. 


EXAMPLE:  V2  is  1/2  VI,  then  ZP2  will  be  2  times  PI. 


PISTON  X 


/Intermediate  objective  »2 

Describe  the  methods  of  doing  work  in  a  fluid  system. 


LEARNING  STEPS  (Activities) 

1.  Read  the  information  sheet  cited  in 
Resource  to  discover  work  in 
fluid  systems. 

2.  Complete  the  self-help  evaluation 
cited  in  Resource  #2  to  determine 
your  level  of  understanding. 

3.  Perform  the  activities  cited  in 
Resourc^^3  to  develop  math  skills. 

4.  Read  information  sheet  cited  in 
Resource  #4  to  discover  the  work 
done  by  a  piston. 

5.  Complete  the  self-help  evaluation 
cited  in  Resource  #5  to  assure 
mastery  of  the  intermediate 
objective. 

6.  Have  your  instructor  review  the 
self-help  evaluation  cited  in 
Resource 

7.  Proceed  to  the  next  Intermediate 
Objective. 


RESOURCES 

1.  Information  Sheet  #3  pages  10  -  25 

are  entitled.  "Work  in  fluid  systems." 


2.  Self-help  evaluation  #2,  page  26 
entitled  "Work". 


3.  Activity  Sheet  #1  page  28  to  38, 
entitled,  "Work  math  skills." 


4.  Information  Sheet  #4  pages  41-43 
are  entitled  "Work  done  by  a  piston" .. 


5 .  Self-help  evaluation  #3  is 

entitled,  "Work  in  Fluid  Systems", 
page  44. 


6.  See  instructor. 


7.  The  next  Intermediate  Objective 
guide  starts  on  page  45 . 


INFORMATION  SHEETffS 

WORK  IN  FLUID  SYSTEMS 
DISCUSSION 


A  TECHNICIAN  TALX2  ABOUT  WORK 

m 

a  taclinTclan  In  an  autimblle  assenbiy  plant.  My  job  de« 
Icriptlon  includes  tseing  respansible  for  maintaining  tiie  plant^s 
■anuf acturl ng  a^lpnent.  Our  plant  recently  bas  been  rebuilt  to 
use  autoaated  equipment  for  production  worlc.  This  means  that 
computer-controlled,  mechanical  conveyor  systems  take  parts  from 
one  vork  station  to  another.  Computers  also  control  our  machining 
equipnient.  Robots  are  used  to  fit  parts  together,  veld  auto 
bodies  and  spray-paint  finishes.  Heat  lamps  or  ovens  are  used  to 
dry  the  paint  quickly  and  harden  the  finish. 

^^All  this  sdulpment,  and  much  more,  is  combined  to  form  our 
production  system.  This  production  system  can  turn  out  many  auto- 
aoOiles  viten  it's  operating  smoothly.  I  install  and  adjust  the 
equipment  to  make  it  operate  properly,  ^en  something  goes  wrong 
vitiT  the  equipment,,  the  production  workers  call  on  me  to  fix  it. 


Fig.  2-1  Rooot  welding  ooeration  on  auco  assenraly  line. 
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^^The  first  thing  I  have  to  do  is  troubleshoot  the  system  to 
find  the  problem*  Sometinies,  it*s  a  aechanical  problem;  other 
times,  1t*s  an  electrical,  computer  or  hydraulic  problem.  What- 
ever  the  problem,  it*s  ay  job  to  get  the  system  wsrting  again. 

plant  equipment  doesn't  do  nhat  it*s  supposed  to.  It  isn't 
producing  useful  wort.  For  instance,  if  a  robot  is  supposed  to 
move  a  part  to  another  location  but  can't,  then  the  robot  hasn't 
done  useful  wort.  Mo  natter  how  much  force  the  robot,  exerts  on 
the  part,  if  the  part  hasn't  moved  (because  it  is  jamed  or  some¬ 
thing  is  in  the  way),  then  wort  hasn't  been  done.  The  same  is 
true  if  an  electrical  force  (voltage)  is  applied  to  a  motor,  but 
the  motor  doesn't  turn.  The  voltage  hasn't  done  useful  wort.  Or 
if  the  pressure  in  the  paint  lines  can't  force  the  paint  out  (per¬ 
haps  because  the  line  is  cloggeo),  then  the  pressure  hasn't  done 
its  wort.  In  other  words,  things  don't  always  accomolish  wort 
just  because  a  force  is  applied;  wort  is  done  when  the  force  moves 
something » 

^  like*  ny>‘job:  because  I  can  see  the  results  of  my  wort.  To 
ne%  woric  is  getting;  something  done.  I  can  spend  a  lot  at  time  and 
effort  on*  a  device,,  but  if  it  doesn't  do  what  It  Is  supposed  to 
do,,  t  don^t  feel  that  I've*  done  useful  wort»  When  I  wort  on  a  de* 
vice  and  help  it  run  smoothly,  botir  the  device  and  I  are  accom* 
piishing  useful  wort.  That's  a  good  feeitng,  because  this  visible 
proof  of  my  effort  makes  it  obvious  that  what  I  do  is  important. 


WHArS  AHEAD? 

In  the  technical  sense,  wort  is  done  only  wnen  a  force  or  force iite 
quantity  causes  something  cc  move  or  change.  First,  we'll  Iook  at  the 
easiest  !<ind  of  wort  to  understand,  the  mechanical  wort  done  when  forces  or 
torques  cause  objects  to  move.  .Then  we'll  look  at  work  in  otner  energy  sys¬ 
tems.  In  fluid  systems,  pressure  does  wort  by  moving  fluid.  In  electrical 
systems,  voltage  does  wort  by  moving  charge.  We'll  study  oractical  examoles 
of  wonc  in  mechanical,  fluid  and.  electrical  energy  systems.  And  we'1l  see 
how  the  concaof  of  wort  helps  us  understand  how  one  energy  system  affects 
another. 

WHY  IS  WORK  IMPORTANT  I M  TECHNOLOGY? 

One-  definition  of  technology  is  "a  collection  of  metnoas  usee  co  aooly 
energy  to  do  useful  wort."  Useful  wort  takes  many  forms.  It  may  involve 
moving  steel  beams  from  one  place  to  anotner,  turning  the  cranxsnaft  of  a 
car,  moving  water  through  a  pipe,  or  causing  an  electric  cnarge  to  flow 
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C-Mrougn  a  In  any  case,  trte  work  done  ^tist  cause  a  specific  ciiange- 

The  change  .nay  de  as  dramatic  as  lifting  cons  of  steel— or  as  invisible  as 
causing  a  tiny  bit  of  charge  to  flow  in  a  computer  memory.  3ut  v^nen  wori?  is 
done,  something  has  to  move  or  change.  Complex  technology  is  based  on  the 
technician's  ability  to  apply  forces  and  force! ike  quantities  to  do  v^hatever 
woric  needs  to  be  done.  In  Figure  2-2,  a  crane  does  -^ork  by  lifting  a  steel 
beam;  a  rodot-  arm  moves  an  engine  part  to  the  assembly  line;  air  movement 


c.  eooot  arm  moMa  an  anqmn  tmrt.  d.  Eiacznc  motor  onvaa  a  snare. 


Fig,  2-2  Worx  involves  .'orces  :hat  cause  movement. 
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controne<3  dy  pressure  difference  In  the  atmosphere  causes  the  blades  of  a 
vi^lnamni  CO  turn;  and  voltage  applied  to  a  motor  causes  Che  shaft  co  rotate. 
These  examples  illustrate  mechanical  woric  being  done. 

WHArS  JHt  TramCAL  OEFINITTON  OF  WORK  IH  MECHANICAL  SYSTEMS? 

The  technical  definition  of  woric  in  mechanical  systems  involves  Vmq 
parts:  (1)  an  applied  force  chat  acts  on  an  object,  and,  (2)  movement  of 
Chat  object  from- one  olace  co  another.  If  you  oicic  up  a  hammer  and  lift  it 
over  your  head,  you  have  done  worx  on  the  hammer.  You  are  aoo lying  a  force 
Chat  causes  the  hammer  co  move.  If  you  hold  a  hammer  over  your  head  for  a 
half-hour,  without  moving  it„  you  do  no  wort*  You  may  get  tired,  but  no  worx 
is:  done  because  there?  is  hormovemenc*  HoiV'  tired:  one  becomes  while-  applying  a. 
forcff  has  nothtngr  ca  dO'-  witJr  “VKjrir  done-*— in*  the?  technical  sense.  The  amount 
of  wort-  done  by  a  force  acting  on-  an  oojecc  is  defined,  as  the  force'  applied 
in  Che  di  recti  on-  of  motion-  times' the  distance  the  object  moves  while  the 
force  is  acting—  In  eduation  form,  wort  in  a  mechanical  system  is  written  as 
follows: 


V 


FORCE  DISTANCE 
*  APPLIED'  X  OBJECT 
rn  nn.irrT  Mnvp^ 


MECHANICAL 

WORK 


Figure  2-3a  snows  a  fort  lift  doing  wort  by  Lifting  a  heavy  drum.  Figure 
2-3b  snows  the  fort! i ft  holding  the  drum  in  a  fixed  position  by  applying  a 
force;  but  in  this  case,  Che  fort  lift  is  doing  no  wort. 

Another  tyoe  of  mechanical  wort  is  done  wnen  a  coroue  causes  something 
CO  rotate.  £xamoles.  of  rotating  objects  on  which  wore  is  cone  include  the 

i 

wheels  of  a  car,  a  recorc  player,  a  obwer  drill  for  drilling  holes,  the 
olaoes  on  a  nel 1  copter  and  Che  gears  in  an  automatic  transmission.  In  these 
examoles,  the  wort  done  is  the  forcalilce  quantity,  coroue.,  times  the  angle 
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^  i'UIMlirT 


Cfc.  FarftHfttMtdtaioi^ 


F!gv2-3^  farlcl  tft:  does:  vnoric  orrly  only  v^rterr  it  inoves  something. 

ttrnugfr  v^rticir  ttier  ofrjecr  nytatas^  vnhfle:  trte'  t-orgue*  is  aop-liet.  Irr  aquation 
fopnr,  tftis  activity  is-  expressed  as  follovis: 


MECHANICAL 

WORK 


TORQUE 
APPLIED  X 
Ta-  OBJECT 


ANGLE  THROUGH 
WHICH  OBJECT 
TURNS 


WHAT  ABOljr  THE  CONCEPT  OF  WORK  IN  OTHER  ENERGY  ErSTENS? 

As  you  arigftt  expect,  cte- concept  of  '^pK  also  applies  to  cnange  prooucad 
by  fopcaliice  quantities  in  otter  energy  systems.  In  a  fluid  systam,  a  pres¬ 
sure  difference  causes  a  volume  of  liquid  or  gas  to  flow  from  one  place  to 
anotter.  The-worK  done-  in  nroving  tte-  fluid  is  tte  product  of  crte  pressure 
difference  times  cne- valunwr  of  fluid  (roved.  This  is  written  as  follows; 
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I/T  a/T  electrical  syttem,  voltage  causes  crtarge  to  (rove  from  one  place  to 
anoctier.  The  woric  done  In  moving  the  charge  is  the  product  of  the  voltage 
and  the  amount  of  charge  moved •  This  is  v«<ritten  as  follows: 


WoHc,  then,  has  been  defined  as  a-  "force  times  a  distance."  Using  this 
cefinition,  how  does  "pressure  difference  times  volume  moved"  (wor^c  in  a 
fluid  system)  or  "voltage  times  charge  moved"  (wore  in  an  electrical  system) 
involve  a  "force"  and  a  "distance?" 

In  fiuld  systems,  pressure-  causes  fluids  to  move.  Since  pressure  is  a 
forest per^ uni t  areev  fortsr  Is  Involved^  Sine*  fluid  moves,  from  one  place  to 
anothefr,.  under^thsr  ptisir  of*  pressure,.  d1staiic&  1s  alsa  Involved*  So  "pressure^ 
dtfferencs:  x*  voluaw^moved?**  In  fTaid:  systems  Is  a.  useful  way  ta  ca-Iculate 
"'.vort  done-*"’  The*  "apt lied  force"  and  the  "Itstanca  moved"  are  still  In¬ 
volved.  They  are^  just:  expressed  1n  a  different  form. 

What  aPout  "voltage  difference,  times  charge  moved?"  How  does  this  re— 
later  to  "force  times  distance?."  This  question  1s  not  as-  easy  to  answer,  3ut 
if  you.  couid“  see- what  happens  In  OC  electrical  circuits,  you  would:  see  that 
electrical  forces  push  eleerrens  through- the  circuit,  frem  the  negative  bat¬ 
tery  terminal  bade  to  the  positive  battery  terminal.  On  a  microscooic  scale, 
then,  billions  and:  bill  ions  of  electrons  are  pushed  oy  electrical  forces. 

So  fortes  are  involved.  As  they're  pushed,  the  electrons  move  from  one  place 
to  another.  So  distance'  is  involved.  It  turns  out  that  the  eouatlon 
"voltage  times  charge  moved"  is  correct— and  muen  easier  to  use — chan  "force 
times  distance." 


WORK  as:  a  UNIFfIN©  C0MC2PT 


When  the  basic  concept  of  worX  is  aoplied  to  different  systems,  it  uni¬ 
fies  our  understanding,  of  what  haopens  in  each  system.  Thus,  we  learn  that 
worm  is  a.  concept,  that:  aopl ies  in  mechanical ,  fluid  and  electrical  systems. 
Worm  is,  therefore,  a  unifying- concept:  that  helos  us  understand  mecnamcal, 
fluid:  and:  electrical  systems  oecter. 
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In  Unit  1,  ^  Teamed  about  force  as  a  unifying  concept.  We  Teamed 
cflat  reaT  forces— and  forcaiiice  quantities— a-T ways  causa  tilings  to  move  or 
crtange.  We  Teamed  tftat  forces  move  objects,  that  torques  cause  rotation, 
that  pressure  moves  fluids,  that  voltage  moves  charge.  'We  used  these  anal- 
ogies  to  expand  and.  strengthen  our  understanding  of  what  a  force  is  and  Poes. 

In  Unit  2,  "Worlc,'*  we  study  another  unifying  concept.  'We've  a T ready 
Teamed  that  woric  irr  mechanical,  fluid  and  electrical  energy  system  can  be 
exoressed  In  equation  form.  These  equations  are  written  as  follows: 


We  can-  write  ONE  equation*  for  woric  that  serves  as.  a  pacterrr  for  the  four 
equations  above.  This  partem  equation,  given  below,  1s  a  UNIRING  equation 
for  the  concept  of  worit. 


WORK 


FORCE  OR 

(UNITING) 


0  rSTANCZ  OR 
QUANTITV 
MOVED 


The  force— or  force! ike- quantity— causes  a  change  In  each  system.  The  "dis¬ 
tance  or  quantity  movec"*  is  a  description  of  something  that  moves  or  oranges 
wnileworc  is  being  done..  'We  sometimes  refer  to  the-  "distance  or  quantity 
moveq"  as  the  "disolacemenrlike  quantity." 
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Fluids  flaw  fiatanny  fT^ai  higft-ijrsssars  to  low-dP«ssar« 
rsgians- 

•  nirid*  syataas  ars  eltlwr-  or  closed-type- 

Opeff-type'  system  onve  fluids,  butt  do  not  retain  or  reclroi- 
lats  fluids-. 

»  (Hosed-type^  systens  petals  and  red  real  ate  fluids- 

•  Wort  (Tccnrs  in  a  fluid  systaa  'idien  fluid  pressure  diffarenca 
causes  liquids  or  gases  to  (isve- 

w  *  (A?^  X  y 

Vkirt:  firmirs  In  a  fluid  systsa  Men  fluid  pressure  displaces  a 
fluid.  fOiUBBw 

(AH) 

^  FTuld:  systai  Intarscfc  witfr  laecPairtcaJ  and:  elecsricai  systear 
tw.  prodiica  tisetdiv  Mrir-. 


QlSaSSION 

In  a  fluid,  system,  Mrt  is  done' Menever  a.  pressure  difference  causes 
liquids  or  gases  to.  imve--  Winds  blow*  because  air  naves  nature Hy  frim  Irign— 
(iressure'  regions  to:  loM^-pressure  regions.  Wor^-  is-  done  by  pressux^  differ¬ 
ences  tPar  rnove  air  as  m-  brestfte-  Wder  we*  inrtale,  we  exoana  our  cnest 
cavity  and  creata.  a  region*  of  low-  pressure  inside  our  lungs..  A  blgner  pres¬ 
sure  region  outsider  tPen-  acts,  to  move  atr  in  to  fill  our  lungs,  wnen  ax¬ 
ial  a.  body  muscles  decrease-  our  lung  yoiume.  This  increases  tOe  air  pressure 
in  cne  lungs  and  forces  tOe  air  out.  As  Figure  2-9  snows,  pressure  differ¬ 
ences  cause-  movement  wltJiln  a  fluid  system. 


Fig-.  Z-9  Pressure  differenca  causes  fluio  Totion. 
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OPei  AND  OOSED  FUJID  SYSTEMS 

Ther«  ar«  ttw  types  of  fluid  systans— open  and  closed*  A  closed  floid 
system  is  designed  tp-  retairr  and  recirculate  tiie  fluid*  E:cainples  of  closed 
fluid  systans  include  a  liydnultc  jade,  a  ^lydreuHc  Onke  system  and  tiie 
'body^s  circulatory  system*  An  open  fluid  system  moves  fluids,  but  does  not 
retain  and  recirculate  tiie  fluids  tftreugnout  tfte  system.  A  city  >«tar  sys¬ 
tem*,  an  i  rrf  gati  on*  system  or  a  f1  re  trade  vi^ater  system  are  examp  1  es  of  open 
fluid  systems.  Sxanroles  of  open  and  closed  fluid  system  are  snown  in  Figure 
2-10. 


<u 


Fig-  2-10  Qoen  ana  closed  fluia  systems. 
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SASIC  HYDRAUUC  PCWCH  S7S7E4 

A  ^^ydnul1c  pow€r  systan  is  used  vridely  in  industry  and  tnnsoortati on • 
T7i«  basic  systas,  stitnur  in  Figure  is  a  closed  systan.  It  is  used  to  do 

laec^ianfcal  wort  on  a  load  attached  tn  the  v^orting  piston.  Lat^s  examine  the 
different  parts  and  ses^  how  they  operate  together  as  a  systan. 


ujM  moi. 


vAuva 


Fig^  2-11  Simple  fluid  power  systan. 


The-  pumo.  draws'  liquid-  frtnr-  the-  reservoir,  creates  a  pressure  difference 
ana  forces  liquid  througrr  the  pipes  under  pressure.  The  pun®  1s  driven  py  a 
rotating  snafT  thar  has  Peer  connected  to  a.  motor.  The  control  valve  is  used 
to.  direcr  the  liquid:  to.  the  cylinder  to.  either  pusn  or  pull  -on  the  load.  In 
one-' position,  higr  pressure  liquid  flows  directly  to  the-  left  side  of  pne 
piston,  creating  a  forca  on  the- piston  that:  causes  the  rod  to  extend  :r  ousn 
on  the  load.  (This  is*,  the  arranganent  snown  In  Figure  2-11.) 

In  the  other  POST t1  on,  hign-oressure  liouid  flows'  directly  "o  :.ne  ’■rgnt 
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of  die  flow  tftrougft  tfte  control  valve  are  snown  in  Figure  2-11  for  aacii  posi¬ 
tion  of  tile  valve.)  In  eitiier  position,  aftar  moving  tiie  piston  in  tiie  cyl¬ 
inder-,  tile  liquid  Is  forced  out  of  tiie  c/ Under  and  directed  dacic.  to  tiie 
reservoir. 

.  In  i  tiiirc.  position  (not-  shown),  the  control  valve  diodes  flow  to  tiie 
cylinder  and  dolds  the  piston  1n  place.  When  the  control  valve  diodes  the 
flow,  the  pressure-relief  valve  opens  automatically.  This  action  allows  the 
liquid  in  the  pumo  line  to  flow  directly  dade  to  the  resar'/oir.  This  pro¬ 
tects  the  system  from  damage  caused  dy  overpressures  in  the  lines. 

WORK  OQNE  IN  FUilO  27S7IHS 

In  mechanical  systems,  vnhen  a.  fores' moves  an  oodect  througn  sane  dis- 
tanca^,.  vwirlc  is  donv..  This  mechanical  wort  has:  deen  defined  as  "force  times 
distance.."^  UiCBwts«v-  In  a:  fluid  systemv  vwienever  pressure^  causes  a  fluid  to 
move;  worlr  is:  done.  Thir  typm-  of-  woric  is.  defi-ned  in  terms:  of-  thm^  two-  aqua¬ 
tions-  thar  follow: 


For  axamo.ie.  consider  the  <wjrr  done  dy  a  pumo  that  lifts  v^atar  from  a 
1  axe-- or 'veil  to  a  tank,  througn  a.  vertical  distance  of  feet.  (See-  Figure 
2-12- )  This  type  or  worr  is  calculated  dest  dy  using  the  first  aouatian, 

W  »  (aP)  X  V.  The  pumo  imoves  a  certain  volume  of  -vatar  (V)  througn  a 
pressure- difference.  (aP).  The-  pressure-  at  the  too  of  the  discharge  oine  is 
aouai  to  atirosoneri  c  pressure- 
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Thft  pr98sur«  at  tta  botton,  at  Inlet  pipe,  it  equal  to  atoospPerlc 
pressure,  plus  tta  pressure  tiiat  coines  from  tiie  caliuan  pf  vnatar  "H*  feet 
The  pressxire  Plfferenca,  frm  bottam  ta  tap,  is  then  equal  ta  the 
pressure  of  the  v«eter  caluan  of  height  H« 


?eeSSURE  HEPS 
S  ATMGSPMePIC 
peessune  ?kjjs 
-r  peessuHH  cufi 
TO  HeGRT  OP 
vvATen  caujMM 


2-12  Puflio  Poes  fluid  vponc  in  lifting  v^atar. 

Water-  systems  in-  rural  areas  and  small  cities  maintain  #<atar  pressure  oy 
Starr nq  '«iater  in-  large-  tants*  SO.  ta.  1S3'  feet  aPove^  the.  grtuna.  The  tanK  is 
filled'  by'  pumoinq-  '<patar  inta.  it-  franr  a.  lajce-  or  a-  <^11 ,  In  5;cainoie  2-F, 
use  ther  eduatloir  W  *-  (aP)  x  7  ta:  calculate  how  inucn  worx  a  water  puma 
iiaist:  Off  ta:  fill  a  SOQ-caDlc-foot:  taut  that  is.  ISO.  feet  aoove  a  laxa- 


INFORMATION  SHEET 


(Cont,) 


e:wmpl£  2- 


'40R1C  DONE  3Y  PUMP  TO  FILL  A  TANK 


(aivcn: 


Find: 

So  I  uci  on 


Waxar  tank  v^itlr  a  vo  i  unie  of 
500  Oldie  feat  (500  ft^), 

i 

locaead.  IS}  fast  above 
watar  level  in-  a  laka..  A 
puflib  1a  used  to  lift  tbe 
vatar  from  tbe-  lake:  to*  tba 
tank. 

Work  done  by  piano  to  fill 
tbe-  tanK. 

LIs&^  tbfr  aouarion  tbar  follows: 

Morte  Done  •  (Pressure-  Olfferenca)  x  (Yolume  -Moved) 

^  •  (A^)  r  Y 
I::  FTnd:  (aP)  - 

Pressure^  dtfferenca  (aP)  ty  equal  to-  die'  pressure  oT 

d»  calumr  of-  vatar-  1ST  feer  higb.  From-  Unit  1, 

"Forts,'*  m  learned  that  tills  pressure- is: 

P  »  (Weignc  density)  x  heignt*;  (Weignr  density  of 

watar  is  52. A  Ib/ft 


so 


2  ' 


52-4.  JLx.  ISO  ft- 
ft'- 


(il-x'  ft .  JL) 

ft'  ft- 


(S2-4.X  150) 


ia 

ft'- 


(This  is  aP . ) 


P  *  93S}  ]h/rt^ 

Stao  2.:  Find  7. 

7  is  tbe-  yolmne  of  watar  moved  fmn  tne  lake  :a  *ne 
vatar  tank..  It  iS'  given-  as  500  ft-  . 

Stao  2:  Mow-  substitute-  l<nown  yaiues’  for  (iip)  ana  7  in  one 
eouatlon  W  *-  (aP)  x  7  to  fino.  die  v^orx  aone- 
'W'  *■  (aP)  X  V 

W-  *-  ( 9360-  520  ft^ )  (— 


-  I  w 


lb) 


t  w 


ft- 

w  *  A, 580, 000  ft-lb 

The- vvorx  aone  oy  tne  ouino  to  move  500  cuoic  feet  of  watar  a 
oistanca  or  ISO  feet  to  fill  tne  tanx  is  a, 530, 000  ft- lb. 
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INFORMATION  SHEET  (Cont.) 


FUIIO 


QISP^.>vaN<3  A 
VQUJMC 


Th€  otiier  aquation  for 
fluid  v#ort,  W  *  P  X  (AVOt  is 
lisad,  for  axample.  In  calculat* 
Inq  vKjpt  done  by  a  piston 
in  a  JiydmuHc  cyiindar.  (Sa« 
Figure.  2-13.)  tHa-  pres¬ 

sure  (P),  acting  on  piston, 
moves  tile  piston.  This  move¬ 
ment  disqlacas  a  volume  (aV)  of 
fluid. 


Heavy-dury  rooots  in  in¬ 
dustry  are  used,  to  move-  large.- 
odjeess.  or  axert  strong* 
fdrtssr..  Siicfr  l^qfaots  use  hy—  . 
draaii^  cyl  indsrr*  g«cr  tl»  jolt  done.-  Moat,  hydraul  ic  cyl  tnderr  ( sutr  as*  tlie 
one^im  Figux^  Z-H)  ar^made  upr  at  a.  bolloie  cylinder,  a  piston  and.  fluid 
under  gressure..  Oftan  tHe-  fTuid-  is*  oiT,  delivered  underpressure  to  tfte 
clrasBer  on*  one  side  of*  tie  piston*.  The  oil  pusdes  against  die  piston,  caus¬ 
ing.  it  to:  move.-  The  otder  and  of*  tie* piston  is  connected  to  a  load.  As  tOe 
pi stor  moves*,,  it  moves:  tie*  load,,  doing  useful  mecnanical  v^onr.  Exanole  2-^ 
sdOMSL  hem-  vort  done  by  a  bydnulic  cylinder  is  calculated. 


Fig*  Z-12  'iiart  done  by  a  bydnelic 
cylinder.- 


2-Si.  WORK  DONE  3Y  A  HYDRAULIC  CYUJIOHR 


VI- 


Stven:  A  hydraulic  cylinder  moves 

a  piston  10  centimeters 
v«iii  1  e  pusni  ng  on*  a  meedani  - 
carl  load.-  The  fluic  pres¬ 
sure?  on-  the-  pi  ston  face.  1  s 
30',nQ0  li/nr The  ares-  of 
tde;  piston  face  (ertss- 
sacrional  area  of  tie 
cylinder)  is  12.  or. 

Find:  Worst  done- by  tde- hydraui  1c 

cylinder  >^nile  inoving  the 


piston  10  ca. 


^  Program 

Task 

Page  A 

V17.1002 

211 

23  y 

INFORMATION  SHEET  (Cont.) 


Solutions  (Js»  turn'  squatian  tfta'C*  foilows: 

Wort  Oo^  »'  (Pr«asur«)  x  (Volumo  QlspUcad) 

W-  P‘  X 

Zteft  li  Flnrt*  P. 

Thm.  prassur«  P  is  givon  as  30,000 
•  Stap:  Find  (aV). 

TTiv  yolum  of  fluid  displaced  as  tPo  piston  roves 
ID  ca  Is  tOe  same  as  tPe  '/olume  of  a  cylinder  of 
cross-sectional  area  12  car  and  lengto  10  ca. 

7  *  Area  x  LsngcP 

y  -  »  12:  ai^  x  10;  car  (1  ar^  x  1  car  *  1  gb^  ) 
f--  •  lar  ca^  (This:  is:  in-  cai^.) 

Camrort  Alf*  iir  ca?  ta  ^  in*  b?^ 

AVr^lZIcas^  ajjoaiz  (Canca! 

r,floo;aoo- at^'z.) 

i.1  •  0  JM012  iB^ 

Stasr  1:  How*  sudstituta  '<nown  values  for  ?  and  (a7)  In  CPe 
eqiiation*  W*  »  P  x  (aVI  to  find  the  v«ort  done. 

W--P  r  (aV) 

W’  •  (ao;ooa  iL^.  x  ((1.0012  (i-  x  sl »  b) 

n?*  B^  1 

W*  •  9.i; 

The»  liydrsttilc  cylinder^does  9.5  H««fi  of  vi«rt  wnile  roving  tOe 
load:  attached  to  tOs*  piston-  a  distance  of  10  ca. 


EXAMPLES  OF-  WQRC  m  RUUD:  S7S7ZHS 

iavft"  studied:  vort.-  done-  in  ar  ooefr  fluid:  systaar-  (fining  a  city  '«#atar 
tant)  ana.  a_  ci cjsed'  fluid:  systaar-  (hycrau-ilc  cylinder),  '-^e  also  iave  studied 
fluid  vort  done  vnen*  tOe  intanoed'  outsame  of  tJie  1s  (a)  to  rove  fluia 
frror  one  10000100*  to:  anotOer  (fin Inq*  toe vatar  tant) ,  and  (b)  to  do  some* 
r/pe  of  mecnani  ca.i  mnr  ( hydrsu  lie  cy  1 1  nder) . 


INFORMATION  SHEET  (Cont.) 


Usa/ui  Huid  v#oric  Is  oftan  dorm— in  open  or  closed  fluid  sy stasis— simply 
ts  inove-  fluids’  from  one  locatiorr  ts  anotiier.  Saamples  of  open  fluid  systasis 
titan  do  veiiHe  include: 

»  mvesnnc  of  natural  gas  titi*pugd  pipes  fnan  supplier  to  user. 

••  laovesienn  of  oil  titr^uqir  pipes  from  ^11  s  to  refineries  (Alaskan  pipe* 
lirm)^ 

»  iwesient  of  fuel  In  an  automobile  from  gas  tank  to  cariturstor. 

•  novesient  of  air  tiirwgn  ducts  in  air-<ond1tioning  systasis - 

•  (Hovesient  of  itazar  in  fire  truck  pumpers  from  '^zar  nyarinzs  to  fire 
loses* 

BBvemeim  of  painn  in  painn-spraying  systama*. 
iwBtmmenr  of  water  amt  staasr  in.  a.  ca&l*fired  power  plairt*. 
m% mmz  of  wetar  from  lakes  or  wefTr  ts  storage-  tanks*. 
iwwemanc  of  atr  tbrougir  campressorr  in  let:  e^nes:*. 

Useful  vmrf  is  alsa  done  in  closed  fluid-  systasisr  to  prwide  fnecltanica] 
wort.  Esamoles  of  titis  type  of  fluid  woiir  include: 

oparacion  of  brakes  in  an  automooile  braking  r/stam* 
user  of  hydraulic  jacks:  ta  lift-  heavy  loads*. 

-  user  of  hydraulic  cylinders  to:  pusii  or  pull  on  mecaanical  loads. 

If  we*  look*  back  aC  tite  basic  fluid  power  systasr  snown  in  Figure  2-11*  we 
can  see;  toac  tnree=  dtfferanc’  fonss  of  wort  are  involved  In  tOe  ooeration  of 
tOe:  enctm  system*  Electrical  wort  is  done- on  tOe  motor  to  ooerata  tre 
puma.  The  pumo,  in  turn,  does  fluid  wort  on  tOe  liquid  to  move  it  tornugn 
ton  system*  The  moving  liquid;  under  pressure*  does  mecnanicai  wort  on  tre 
piston  and  load*.  It  ir  oftan-  true*  as  it  is  aven  in  tois  fairly  simole  sys- 
tan*,  tnac  several  farms  of  wort  are*  being  done  at  tOe*  same  time.  That  is  wny 
a  gooc  unoerrcandi ng  of  wort-  in  luecnanical ,  fluid  and  electrical  systams  is 
imoortaiTC— enc  it  is  also  wny  tOe*  general  idea  of  WORK  as  a  unifying  concaot 
i  s  he!  pfu  1  to.  our  understanoi  ng. 
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SELF-HELP  EVALUATION 
"WORK” 


/ 


Th»  foil  owing  sxsrdsas  review  tft*  main  Ideas  and  definitions  presented 
In  tills  sudunit,.  In  FTuld  Systans-"  Camp  lets  eadi  question  as  ind1» 

dated- 

When  woiic  is  done  by  a  pump  to  raise  '^ter  through  a.  pressure  dlffer- 

anca,  the  1s- multiplied  by  the.  pressure  difference-  (Circle  the 

correct:  answer.) 

a-  fluid  ><eight  moved 

b.  fluid  yoiume  moved 

c*  distance  fluid  moves 

d-  veignc  density  of  fluid 

C-  When  4:  moving^  piston  does  worlt  In  a.  iydrauiic  cylinder,  the  pressure 
txTCad,  by'  tsm,  piston-  is  nu-ltl piled,  by  -  (Circlet  the-  correct 

areer  the*  pi  storr  facs: 
b-  fTuid  '^lune*  dispiacad 
c-  -fiieighc  density  of-  the  fluid 

Eadr  fl ui d.  systesr  i n*  the  1  eft-hand  co  1  umn  below  is  cl assi fi ed.  as  ei ther_ 
itr  open  fluid  systesr  or-  a.  closed-,  fluid:  systen-  In  aech  of  the  blanks  pro¬ 
vided^  place  the  appropriate  latter  reoresenting  the  r/pe  of  system'  from  the 
right-hand  column- 

2-  city  ^ter  systesr  a—  closed  fluid  system 

4- *  auto:  fuel  systesr  b-  ooen  fluid  systenr 

5«  auto  brake  system 

5-  fire-  department  pumper  track 

iydrauiic  jack 

3-  The  purpose  of*  pumos-  in  fluid  systems*  is  to  .  (Circle 

the  correct  answer . ) 

a-  draw^  fluid*  from-  a.  reservoir 
b-  force  fluid-  througn*  a  piqe- 
c-  create  a  pressure?  di f f erence 
d.  a  ana  b  only 

e-  a^  0  ana  c 
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SELF-HELP  EVALUATION  (CONT.) 


ACTIVITY  SHEET  #1 
WORK  MATH  SKILLS 

Acnvrrr  u  measurihs.  ang^  m  radians 

APPARATUSi  For  tills  activity,  you  '^#111  ne«il  a  protractor  and  a  land 
calculator- 


OISCgSION 

A.  Tha  radian  is  a  unit  of  angle  measure*  It  1s  like  a  degree,  only  mudi 
larger.  It  is  agual  to  37.3*.  The  radian  is  defined  in  tanns  of  a 
pieca  of  a  circle*  An  angle  of  one  radian  cuts  off  an  arc  on  t.ne  circle 
equal  to  tHe  radius  of  tne  circle,  as  snown  be  low. 


3-  In  tarms  of  revolutions,  degrees  and  radians,  ve-  have  blie  folloviing 
relationsftios: 

I  revolution  =*-  350*  (The  syniooi  stands  for  degree-) 

L  revolution  *  SLZS-  radians  (adOreviatad  "rad'*) 

L  radian  *■  37.31* 

C-  '-^en  cnanging  degrees  to  radians,  multiply  angle  in  degrees  oy  one 

fraction,  (  j» * ■  ) .  This  fraction-  is  eoual  to  onei 

^  57 .3^  aegrees  — 

citamoie:  Change  90**  to  radians. 

(90  t8eree«3  x  ( _ ^  radian  (Cancal  cegrees.) 

^7  ^sss^ssss 
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ACTIVITY  SHEET  (CONT.) 


EsanpU:  Qianga  237*  to  mdlans. 


(237  TtgjfiHfc)  X  )  «  5,i31  nd 

57.2  ^egwfc.  - 


( Canes 1  dsdrsss.) 


WhofT'  dtandlnd.  rBYQlutlons  ta  ndians,  nniltiply  angia  in  revolutions  by 


5«23  radians 


tJi*:  fraction  (. 


4*  This  fraction  is  edual  ta  onei 


Examoia:  Change  2.5  revolutions  to  radians 
f'y  s  f^*23  rad>  _  ie  *r  — j  z/'.- 


(2.5  rev4  x  ^  (Cancal  revs.) 


Sxairo  1  at  Chanqa  IQ  revolutions  to  radians 


(la^.  X.  (^-23  .  sz^  ^ 


(10.-reii4  x:  (. 


(Cancai  revs.) 


^tasiir^  tte  ftrllowtogr  angles  witlr  a  pro  tractor',  and:  citanqs;  anqia:  in 
daqreas:  tor  anqia^  im  radians.. 

Ezamla: 


Examoia: 


9-  flaasureo'  =»  ISC’* 

3  In-  radians  Is  Muai 


ACTIVITY  SHEET.#!  (CONT.) 
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To  dianqa  i  dscimal  ta  i  psrcant,  sii^ly  iiultiply  the  decimal  by  lOQ  and 
itsadi  tDe  "***  sign.  For  axanole: 

To  ciiange  0.2S  ta.  i  percent, 

a.2  X  IQO  •  25%;.  tnerefore,  Q.25  «  25%* 

To  cisange  1.2Q  ta  a  percent, 

1*25  X  IQO  »  I20t;  tterefore,  »  12D%'- 


pwvcncs  £i£aci2E5  FOR  Acnvrrr  z 

Proaien  1:  Ciange  aacn  of  tne  following  frictions  to  aumoers  '^rlttan  as  a 

percent.. 

a*  tnree^fourtns  (-3/1)  » 

It-  (mm^rtSt  (lyS)  • 

•  tM^-tentiis:  (2/10)'  » 

(t^  ii1ne*tentft5  (9/10)  » 

9r*.  on«  an«t  one-rtalf'  (L  1/2) 

ProOieai  2r  Qiange  eacir  of  tne  following  decimals  to  mjmoers  written  as  a 


percent* 

aw 

a-3X  * 

b;- 

0.9S 

c* 

a.iQ  * 

d- 

1*50.  » 

e*. 

Q'.50  * 

Acmrrr  zz  siasrrnmuG  ni  ftirmuus 


APWRATOSi  For' tnis.  activity,  you  will  need  a  land  calculator. 

OTnniglDM 


When-  a  force,  does  '^rx  on  a  macnlne,  sucn  as  a  pulley  or  a  '^incn, 
call  this  inout:  or  OTg,  IM-  When*  tne-  rnacnine-  ones  wore  on  something 

else,  suer  as  lifting  a  welgnr  or  bauilng  a  loac,  call  this  outauc  ^tarx  or 
’WORIC  OUT-  If  there  is  no-  friction  present  in  any  of  the  tumng  parts  of  the 
.Tiachlne,  'WORK-  OUT  ^-WORKi  Dl«  However,  for  nnst  .Tiachlnes,  friction  is 
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ACTIVITY  SHEET  #1  (CONT.) 

present  and  WORK  OUT  is  less  tftan  M3IUC  IM,  The  percent  afficienc/  of  tills 
taciiine  is  given  by  tiie  aquation  tirat  follows: 


This-  aquation  Is  lised  ta  solve  a  proolan  in  the  axamole  below. 


LYAMPLI  A:  CAlCUlXTim  ^KlZHCf  OF  A  PULLEY  SYSTcJi 


Given: 


Rmts 

*  Sxiutiont 


A  blocic-end-tacjcle  puHey  system  to  lift  a  <.«ignt*  The 
pulley  systesr  does  98Q  newcon-eeters  of  (WORK  GUTl  to. 
Tl'f^  ai  wetqftc..  Td:  cause*  the  pulley  systesr  to  oqersta^  LOGO 
iiiwcnrri  iwrarr  of  vnort  (WORIC  IR)  are  requirsU. 

Efftctency  of  ttm  pull ejr  systesiw. 

Stasr 


Steq: 


I: 


Writ*  down-  the  formul  a^  for-  affi  ciency . 
it  £?F 


X  lab 

WORK  IR 


2i 


Identify  vwiat:  is  given  and  vnat.  needs  to  be  found. 
Glvent  WORK  OUT  »  980 


WORK  IR  1000  M*in 
Flmtr  ^  ErF 

Stan  3i  Suostituta:  given  values  for- WORK  IR  and  WORK  OUT  in 
the*  formula.  Include  both  the-  numerical  value  ana 
the:  units,  as  follows: 


it  SrF 


^WORK  OUT 
WORK  IR 


^  X  100 


,  980 
IQQO 


X  LOO 


( Cancel  newton -^ters  - ) 


Stan.  A-:-  User  a.,  cal  ca  1  ator^  to:  perfonr  the-  ca  1  cu  1  ati  on .  Write 
ouc  the  answer. 

ErF  *•  98X: 

Conclusion:  The  pulley  system  is  98ir  affi ci ant.  Tne 

difference  between  LQQl  and  98t  is  the  worr  acne 
(westac)  to  avertome  the  fmctian  in  the  iroving 
wneeis  at  the  oullay  systam. 
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PRMcnix  scacisgr  for  Acnvrrr  3 

3lv«i  tiim  formla  %  EFFTCIDiCf  «  ^  saiv«  eads  systan 

WORK  Dl 

Hstad  balow, 

Prop  lea  li  Calcalara  tlie  5  efflclenc/  for  a  blodc  and  tadcle  lifting  a  load 
of  600  pounds,  undar  tiie  following  conditions: 

WORK  our  *  1200  ft. lb 
WORK  rW  «  1400  ft* lb 


Prq<>igB^  2r  CaJaiiata  tfta^  V  affictency  for  ai  v^indr  bauHng  in-  a  load  of  lOOO: 
nawcons  iindar*tii»  following  conditions: 

WORK  OUT  »  3000  fiir  ^ 

WORK  IN  •  31S0. 


PrqQiea  3:  Caloiiata.- tNa  t  efficiency  for  a  “friction lass'*  pulley  systaa 
tOac.  rai  ses  an  automoOi  1  e  under  tOa  fo  1 1  owi  ng  condi  t1  ons : 

WORK  our  »  3000  ft* lb. 

WORK  IN  *  3000  ft*lb 
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ACTIVITY  SHEET  (CONT.) 


maRMSim  nwsoLS  m  swtions  to  szslye  Fm  mmms 


oi: 


ION 


( 

vr 


A-  Equations  and* formulas  are  used  to  exprsss  a  rsl ationsftip  tetv^een  . 

saveral  physical  quantities*  Equation  I*,  which  relates  the  concept  of 
wart,  force  and  distance-,,  shows  this  relationship  as  follows: 

WIRIC  «  f=QRCS  APhUED  x  0I2TA2ICS  MOVED  Equation  I 

This  equation  provides  a  naans  of  detannining  the  value  of  one  physical 
quantity  if  the  nuanrical  values  of'  the  other  two  are  tcnown*  Frequent¬ 
ly,.  equations  are  written  witir  symbols  rather  thar  words*.  Thus,  Equa-> 
cianr  U.  beeomesr  simplified;  by  using:  the^  fdri lowing- symbols: 

or*  Wr  Equation' 2:  • 


wherer  '4-  *  wort*  ( newtxsi-wieters  or  foot-pounds ) 

F  »  forcer  (newtons  or  pounds) 

O'  » distance^  (meters:  or  feet) 

3*  A>  technician’ often  mist  rearrange  symbols  irr  an  equation  to  obtain  a 
different  form  of  ther  sane  equation-  Thus,  the  equation  P  »  F/A  can  be 
rearranged  to  yield  F  P  x:  A  or  A  »  F/P..  Each  of  the  three  forms-  is. 
correct*  Sometimes,  one  is  more  use'ful  than  the  other. 

C*.  To  “solve'*  an  equation  means  to  Isolate  one  symooi  in  the  equation.  To 
accamo 1 i sh  this  isolation,  certain  mathematical  operations  are 
performed,  identically,,  on*  both  sides  of  the  aquation..  Any  operation 
performed  on^  one?  side-  of  the  equation  always .  is  perfoimed  on-  the  other 
side*  Therefore,,  care  must,  be-  taker  to  da  the-  following: 

Add^  or  subtract,  the  sane  quantity  on  both  sides  of  an  equation. 

-  Moitipiy  or  divide  both*  sides  by  the  same  quantity. 

Study  the-,  examoies  that  follow--  They  show^  bow  to  isolate  a  certain 
symooi  by  rearranging  t.i8  given  eouation.  - 
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ACTIVITY  SHEET  (CONT.) 


cfimm  g  B;  gEARRAHSlUS.  rfWBOLS  IH  W  »  T  x  9  TO  ISOUTC  a_ 


Given:  y  »  T  x  9 

Fi  ndi  ® 

Solution;  S6M  U  To.  solvn  for  9,  «art  w1tti  «».  yivnn  equation.- 

y  «  T  X  9, 

StfiO  2:  Oividft  botft  sides  by  T  to  isolate  9* 

^  ^  (The  T’s  cancel  cut  an  tOe  riant  sice,) 
T  \ 

Stan  1:  Re^#rita  the  aquation  the  T’s  an  the  rrgnt  side 

reaeved 

(Th»  syindol,  •3-,*'  has:  been  isolated.) 

r 

Stap:  «■;  RMrrsnqfc  Wttlr  Isalatad:  synool  9  oir  am  left.  side.. 

The  aquation  W  «  T  x  9  ttas  beefl'.'solveo-  for  9.  TTie  syraool  , 
•T,*'  har  anen-  isolataU:  and  tftn  earrect.  aquation  is  9  »  .  . 


using  '«a»qias  A  ano  3  as  a  guion,  solvo  following  four  aouations  ay 
isoiatinq"  the*  syinool  indicated- 

Efluatloir  Ic  GIvenr  W-  F  x  0 

FI  ndr  0 

Solution: 
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ACTIVITY  SHEET  #1  (CONT.) 


Sanation  2r  (Slvonr  M  *  Tx  s 

F!ndr  T 

Solution: 


Sanation  3;  SI  van:  W  *  (^)  x  '/ 

F!  nO:  aP 

SoluClont 


Eiiuatluir  Stvanr  W*  »  P  r 
Ffmt:.  47 
Solution:. 


m  R]imjus 


0ISC3SSZZ» 


A. 


Cara  alwayr  ntisr  be^  taken  to.  suostltnts-  corract.  amnoers  and  units  for 
icnowir  symoois-  in  an  anuatlon.  Only  tOen  can  tOe  lumoer  ana  unit  of- tne 
unKnown  (Isoiataa)  synooi  bn  ca  I  oi  1  aran  carracr  I  y . 
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ACTIVITY  SHEET  #1  (CONT.) 


OnUPLI  ::  JilB-mTUTING  IM  THE  WORK  gUATION  W  .  F  x  0  TO  FIND  TORCS 


Given: 


W  »■  F  X  0 


where:  W--  *  10  M*wi 
0  *  2  fn 

Find:  F  • 

Solution:  Staq  U  Solve  Car  T..  (See  ExamoU  A.)  TMs  alvss  «i«  aqua- 

tlort, 

F  *  W/Oe 

step  2:  SuPsxItU'ca.  9iven  otiinerlcal  values— units— i  or  4 
and  0.  (Vi  »  10  and  0  »  2  n.) 

Stao  3:  Then,  F  (Cancel  e‘s.) 

2.x 

stag:  A.?  Dividing:  tfle:  minoers  and.  cancaninq  out  raecert  gives 
P  »  S'  (The'  fui'CP  is:  5  nencons.) 


r.  A  good:  snecjc  to:  eelca;  sure*  tlwc  tJi*  aquapoir  you're  using,  is  set  uo  csr- 
recsly  is  to  units.  Chedc  tJ»  units  of  aaci  physical  quantity  in 

She  aauatts»j=-Je«  if  taiey're  carreet  and*  are  aqual  overall  on  aitfler 
ride:  af"tl»uaquarian-  Examoie  O' snows  how  to  do  tnis»^ 

S]WIPL£  0:-  cagXI?iS:  ACSURACf  OF  E0UATT0H  BY  CTECCITiG  UNITS 


Given: 

Find: 


'4  »  F  X.  0 

,  _  F 

Solution:  Stao  U  Aewrlta  tne-  given  aquation  so  F  is  at  iBe  left  or  ;ne 

equal  sign  and'  averytning  a  Isa  is  at  tOe  rignt, 

( Refer"  to  cxamo i a  A  if  necessary , ) 

F  — 

0 

Stafl'  2:  Suflstntuts:  units  for  F,  W  and  0  in  tons  acuatton. 

newton 


newtons 


(Cancai  rnetars.) 


This,  leaves  ne*»tons’  *  newtons.  Units  "cnecx  out. 
Therefore,  tne:  acuation  has  aeen  sat  uo  correctly. 
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Saiutionr  I:  Raarran^  equation  ta  isoUta  L« 

r»Fx^L 

Stv  ^  01v1d»  botlr  ridR  of*  ttm  aquarian^  by 

(Fs:  cancai  out:,  oir  rlgrtr  slda  ot^ 
equation.} 

(L  las  Oeen  isoiataq.) 


Program 

T  ask 

Page  ^ 

1^17.1002  1 

211  1 

39  J 

r^Tr  L 
F  X 


Prod  lea  Z: 

atv€n:  M  »  T  X.  9,  vKrt«r«:  9  »  $.23  rzd 

»  52-3.  ft. lb 

Find:  T  . 

Solution:  Stdo  1:  I^oUta  T  1n  tbd  equation. 


Staq:  2r  Ravqrta*  sldmr  of'  equation*  to.  put  T  air  tii®*  left-. 


Stao  3:  Sudstltuta*  ^noMi  values  for  W  and  9,  ana  solve  far  7. 


Stao  A:  Qo  unit  cnecx  on  eouatlon. 
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WORK  DONE  BY  A  PISTON 


0I5OISI0N 


In^  liydrsulic  qflinders^.  a  liquid  under  pressure  rnoves  i  piston.  The 
piston,  in  turn,  inoves  a  ojeciranical  load  and  does,  useful  v<oric.  Similarly,  in 

steam  engines,  the  steam,  under  hign 
■  pressure,  moves  a  piston  oacic  and 
fortn,  doing  use<‘*ul  v^oric.  In  gaso¬ 
line  engines,  a  :1ston  does  .^orx  an  a 
mixture  of  air  ana  gasoline  vaoor 
v«nile  it  comoressas  :r!e  gas  into  a 
smal  ler  vol ume..  Figure  1  snov^s  a 
qiston  doing  wore  on  tne  gas  mixture 
tn*’  an-  automooi  1  e-  cy  1  i  nder  duri  ng  cne 
■^tonpress.ion'  srrolce'*  for  tJiat 
cylinder. 

Figure  Z  sfiovus  a  picture  of  a 
piston  in  a  steam  engine.  Steam  is 
adnritreo  alternately,  first  on  one- 
side-  of  the-  piston,  then  on  the 
at.ner..  This  causes  r.te  piston  to  .move 
Oacx  and  fortn  in  a  reciorocating 
manner . 

Reciprocating  motion  (Oacx  ana 

fortrr)  is  often  converted',  to  cl rou  1  ar  moti on  to  turn  a  flywneel  far  useful 
purposes . 

Cn  this  laoorarory,  we-'ll  study  cne- wore  done-  ay  a  aiston  wmle  it  com¬ 
presses  a  gas.  We  will  use  a  simole- moex-io  of  a  piston  ana  cylinaer  ar- 


Fig-  I  Piston  does  wort  during 
tne  aas -comores si  on  stroxe. 


rangement  cnat  "saueezes'*.  gas  into  a  smaller- '/ol ume. 


We‘11 


'in a  tne  WORK 


DONE  ay  using  tne  aouations  ’W  »  F  x  3  (’Wore  »  Force  times  Distance)  ana 
'W  =•  .3  X  pV  (Worr  a-  Pressure-  times  Vaiume  Qisoiacea)  . 
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TTKAM  IN 


STHAAi-OUr 


FT^  Z.  StMiBT angtn*:  converts^  r^ctpnacactng-  (no'C'foir  of  tHer  piston- 
or  cirtalar*  (rotary)  motion  of  Ot®-  flyvmeej  ^ 


> 


I 

VQLUM6  > 
aispf,ACSD  I 


?csit:cn 


i»osi*noN 

7 


REYIEa: 


CVLOJUTTHG  A  CiANGc  l?i  GAS  YOLUMe 

Consider  i  certain  volmne-of  air 
traooep-  1n  tie  cylinder  snoMi  in  Figure 
3.  The  piston  moves  f rtm ' posi t1  on  I  :o 
position  2,  cainoressing  the  air.  As  the 
piston  is  lowered,  cne  '/oiume  cr  the  air 
decreases.  The  drawing  on  the  side  snows 
Che  decrease  in  the  volume  of  the  ai r 
Char,  is  comoressec.  Tms  decrease  in 
volume  is  acuaJ  co  Che  volume  of  air  dis¬ 
placed.  Py  Che- 01  Stan.  The  exact  volume 
of  a1 r  di so  laced  can  oe  decarmined  oy 
ca.lcu.laring-  che  volume  or  a 
cylinder  df  ieignt  Y  and  oase  area  A.  3ase  area  A  ;s  edual  to  Che  area  of  a 
circle' of  diameter  3.  Th®  area- of  a  circle  of  diameter  3  is  given  oy 
3.7354^  3^. 

Tnerefore,  cne  change  in-  gas  volume*  or  volume  disaiacad  as  che  oiston 


Fig^  3  Piston  comoresses  a 
gas.  Changing  its",  volum® 
i  n-  ch®  c/ 1  i  ncer. 
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CROSS- SeCTTONAt  ) 
AREA  OF  CYLINDER  / 


(aV)  •  (0.73&1  0^)  X  (Y) 
(AV)  ■  0.;5S*  O-^Y 


/. 


OISTA.MCI 
?ISTC.N 
MOVES 


Equacion  1 


<nowing  values  for  0  anti  Y,.  one”  can*  find  cfte  ciranga  in  atr  yolume  by  suOst1» 
tuting-  ones  a*  values  in-  Equatloir  Examole-  A  sftows  ho¥i-  to  Co  this. 


£:(AMPl£  A-;  CALCUUnNG  VOLUME  OF  AIR  OISPLACED 


Gi ven: 


F!mlt 

Sol  udon 


A^  piston*  sucn  as  tne-  one  sftovm  in  Figure  3  moves  a  ctstanca 
of*  E.il  incites  in*  a-cyltnoer  viwiere-  tne  insice  dametar  is 
inciies-^ 

4/— VO  I  uii»  of"  a.1  r  C1  sjil  acatl  by  tfte*  p1  sron  ( or  cnange.  i  n 
volume  of  tile  comoressed  air). 

Use  Squatlon*  1. 

dV  •  0.73S4  O^Y 


'Amere:  ^  0  »  -J-.O  incnes 

Y  a  Z.O  Irenes 


SuOstItuca  0  »•  A.O  incites  and  Y  *  2-0  incites  in  tne  aouation, 
as  fo  1 1  ouxs : 

IV  a.73EA.  (A  in)2»  (Z  tr) 

aV  *Q..785‘L(16  in*^)!!  in)  (Use  a  calculator,; 

aV  *■  25.13  in^  (in*^x  in-  »  in*^) 

Tha  piston  Ciso.lacas  25.13  cioic  inc.nes  of  atr.  The  cecrease 
in  volume*  of  tile  traooeo  air  must  be  aoual,  also,  to  25.13 
curnc.  incnes. 
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SELF-HELP  EVALUATION  #3 


WORK  IN  FLUID  SYSTEMS 
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INTERMEDIATE  OBJECTIVE 


#3 


Describe  the  rate  of  fluid  flow  in  the  fluid  system. 


LEARNING  STEPS  (Activities) 

1.  Read  inforamtion  sheet  cited  in 
Resource  #3  to  study  an  overview 
of  rate. 


2.  Complete  the  self-help  evaluation 
cited  in  Resource  #2  to  assure  your 
mastery  of  thsi  subject. 

3.  Perform  the  activities  cited  in 
Resource  #3  to  evaluate  your  math 
skills. 


4.  Proceed  to  the  next  Intermediate 
Objective. 


RESOURCES 

1 .  Information  Sheet  #5  pages  46  -  56 
entitled  ’’Rate  in  Fluid  Systems". 


2.  Self-help  evaluation  #2,  page  57 
entitled  "Rates." 


3.  Activity  Sheet  #6  pages  59  -  67 
entitled  "Math  Skills  II". 


4.  The  next  Intermediate  Objective 
begins  on  page  68. 
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INFORMATION  SHEET  #5 

RATE  IN  FLUID  SYSTEMS 


THE  UNIT  AND  SUBUNITS 

Unit  3»  “Rata,'*  includes  a  unit  overviey^  (wrtici:  you  are  riow  reading)  and 
four  suounits.  The  sufiunits  are; 

•  Rasa  in;  MecNenicai  Systaaa— sseed,  veiocity  and  acsaieretlon 

•  Rata.  In  Fluid  Systaag-  wiua»  flow  and  nass  floM 

•  Rata  in  Electrical  Systaos-^iectrical  diarga  How  or  current 

•  Rata  in  Thermai  Systaas  heat  flow  per  siapsed  tin» 

I 

You  learn  aoout  rata  oy  reading  this  :axt,  watcning  '/ideo  programs, 
listening  to  your  instructor,  participating  in  class  discussions,  v#atcning 
and/or  performing  denonsmtions,  and  completing  eignr  laporatory  exercises. 

WAT  ISRATET 

•  * 

Rate-  Is  dre  rcjationsirip-  Patweeir  a^  dfs^lacBBanclIkv  qnanclty  and  an 
eiaqsadr  tiaaw  Race  aiwaye:  involves  haw>  sipw*  or^  how-  sanetirin^  dianges^ 
or*  rtow*  slow*or"naw‘  fast  sometPin^  happens..  For  example-,  tPe-  rata^  at  >»nicn 
you  read-  tJre-  pages  in  tills  unit  can*  Pe  determined  Py  dividing  the  numoer  df 
pages  (displacement like  quantity)  Py  the  time-  (elapsed  time)  it  takas  you  to 
read  them..  If  you.  read:  seven  pages  in  seven  rtrinutes,  your  reading  rata  is 
oner  page  per-  minuta. 

Rata-  is  canputad  Py  dividing*  ther  dlsoiacegencliica  quantity  Py  the 
eiapsed:  time*  that  it  takes  for  the-  displacement  to  occur. 


within  Che  four  energy  systems,  the  dispiaca—nt  quantities  are  very 
different.  In  fnechanicai  systems,  the  qi sq I acament  1  i ka  quantity  is  a  qis- 
tanca  (nrile  or  meter)  or  an-  angle-  (radians  or  revo  1  uti ons ) .  In  fluid  sys¬ 
tems,  the  disDlacamentliker  duantity  is  a  volume  (cuoic  feet)  or  a  mass 
(kilogram).  In  electrical  systems,  the  displacement  like- ouantity  is  a 
charge-  (coulomo).  Ano  in  the  thermal  system,  it*s  an  amount  of  neat  energy 
( cai  ones  or  3nti  sir  thermal  units).  Althouqn  the  displacement  like  ouan- 
tities  are  different,  all  clearly  meet  the  reoui rements  of  the- definition  for 
rate. 
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INFORMATION  SHEET  #5  (Cont . ) 


In  tftls  unit',  nta-  '«m  discussed  in  all  four  sy stasis.  For  examole, 
^atti  cne  speed  of  an  automooile  in  niles  per  liour--^r  the  rotational  speed  of 
an  electric  drill  in  revolutions  per  nri nuta— -ere^  axamples  of  neciianlcal 
ratas*  Ruld  ratas^  include  the:  neasurenent  of  the  pulse  rate  in  Peats  per 
arinuta  and  the  output  of  an  oil  veil  in  Parrels  per  day.  UlceMise,  the  out* 
put  of'  an  air  compressor,  measured  in  cuoic  feet  per  niinuta  (or  m^/nrin),  is 
aiso  a  fluid  rata.  Electrical  rates-  occur  in  the-  output  of  a  radar  signal  in 
electrical  pulses  per  second— or  the  tuning  of-  an  F?1  radio  in  cycles  per 
second  (or  Pertz).  Therstl  ratas  are  involveo  in  the  nesting  process  of  a 
furnace  and  during  the  cooling  process  done  oy  an  a1  r -conditioner .  Thermal 
rates  are  measured  in  calories  per  second  or  3ritisn  thermal  units  per  nour. 
(See  Figure  3-1.) 
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INFORMATION  SHEET  #5  (Cont.) 


L 


A  icnoMledga  of  nta  Is  important  to  tacPni clans  becausa  rata  is  an  inta- 
grai  part  of  tna  industrial  raalni*  In  fact,  after  reading  Unit  3,  you  Ml 
begin  to  understand.  tOat  a  taciin1c1an  could  not  operata,  maintain,  trouPle-> 
sPoQt,.  repair,  build  or  adapt  egulpioeiir  without  an  understanding  of  bow  rata 
operatas  in  tfte  four  anergy  systams.  Miat's  v«hy  rata  is  a.  unifying  concept 
in  tile  Principles  of  Tecrtnoloqy. 


RATE  III  THE  FOUR  EHER6T  STS7E5IS 


WU  IS  RATE  liSS37-  '  ' 

In  Unit'll  “Forca,*  you  learned  tHat  forcas  can  causa  an  ooject  to  start 
laovln^,  stot  nmlng*.  speeir  up,,  slow  down  and/or  cliange  d1  recti  on.  Forcas  can 
aisa  danger  air  oftject^t  sinpe«.  Slnca:  ‘‘tlioK  marches  on"*  veil  la  any  of  toesa 
actions:  occur,,  we:  canr  dascrtb»  events:  tm  tarns  of  bow*  fast:  or  slow^  tPay  bap-- 
pew«  by  nMsurtng'  rata«. 

Ratft  Is.  a.  ganerai  tarnu.  Ua-  daflne-.  if  by  usings  time  as  one--  of*  tta 
factars-  Ratas.  usually  maasure  bow*  fast:  or  bow-  often - 

Ratas  car  yary«-  For  exanle,  ts»  speed;  of  llgnt  is  3QQ  ml  11  ion  meters 
per  set  (136,000.  nn/sec).  Tha  feed.*  rata- on  a  <^11  press  is  aoout  A  indies 
per  nrtnuta' (10U6;  C3i/flrin),.  There  are*  big;  differencas  in  these  rates.  3ut 
botir  are  rates,  that  can  b»  useful  information  for  a  technician-  ilore  famll- 
iar  races  may  be*  tha^  speed,  of  the^  bus  that  takes  you.  to  school  or  the  rata  at 
vnidr  a  sprint!  ar  apo-Has  wacar  ta  your  lawn.  Pemaps  you  have  ooserved  a 
jtreec  repair  crew*  resurfacing  a  street.  The  machine-  that  does:  t^Jls  vi«rt  can 
sprnd,'  aspnalt  paveswit  10  feet  vide  and  four  inches  deep'  (3.05  m  x  10.16  cn) 
at  a  rata-  oT  300  feet  per  hour  (91-44- m/hr) .  Machines  that  do  vort  are  oftan 
dascrlhad  in- tarns  of  “retas  of  parformanca.’*  (See- Figure  ' 3-2- ) 

In  the  business,  cannerelal  and  industrial  vorid,  machines  perfomr  crit¬ 
ical  funcrlons  that  depend  on  perfect  timing.  iMecnanlcal,  fluid,  electrical 
and  thermal  systaas  or  coaol nat1  ons.  of  these  systems— comouta,  move,  cut, 
11ft,  veld,  bore%  thread,  saw  and  paint-  Sadr  systam  involves  separata  ratas 
that  are  designed,  to  provide  a  smooth  flow- of  work.  The  conolned  ratas  re¬ 
sult  in-  an-  overall  rat»  for  the-  activity-  This  overall  rata- mignt  ana  uo  as 
the  fiuffloer  of  newsoaoars  prlntao  per  day,  dollar  sales  per  month— or  a  pro- 
ducts  on  rata  for  anything  frcnr  carcooard-  cpntalners  to  Laar:ets. 


INFORMATION  SHEET  #5 


(Cont . ) 


Rates  vary  depending  uoon  activity  taking  pUc3« 

.  TYPES'.  OF  RATES  AWO  UNITS  OF  RATE 

EarHer*,  axamoles  of  rates  tn  tHe  four  energy  systams  mrs  given,  sucn 
as*  ttie^  speed  of  air-  autonoelle,  tPe  rate  of  a  lieartPeat,  tJie  frequenc/  of  a 
radar*  signal  or- tne^  output  of- an  air-conditioner.  In  eacn  case,  rate  ex¬ 
pressed  tnc'  reUtlonsnip  of  a  oisoiacenentlllce  quantity  to  an  elapsed  t line. 
The  pnysical  units  used  to  exoress  rate:  depend  upon  tJie  system  of  umts  you- 
cnodse*.  3otJr  tPe:  System  Intematlonai  (SI)  and  Engiisn  system  of  units  are 
used*  to  desert Pe*  rate. 

Tha  rate:  of  irovement:  of  an  automooile  involves  a  distance  covered  durng 
an  eiapsed' time-,  perl dd-  Thir  rate  is  comnonly  called  "toeed.'*  Speed  is  rnea^ 
sured  in  in  1  es*  per  Idur  or  sell ometers  per  Hdur.  Soeed  is  a  rate  in  a  necnan- 
icai  energy  system. 
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Ukeirtsa,  ttia.  flow  rate  from  a  sprinkler  Involves  a  vqIubm  (tlspiacsnenP 
during  an  elapsed  tlae  period.  Flow  is  a.  rate  in  a  fluid  .energy  system. 

Fluid,  rate  is  usually  expressed  as  gallons  or  liters  per  minute.  We  can  also 
express  liquid  rates  in  terms  of  mass  flow  rates-  This  is  possible  because 
given  liquids  have  a  icnown  mass-per-unit  volume.  Volume  is  easily  canverted 
tp  mass,  as  we  learned  in  Unit  I. 

In  electrical  energy  systems,  die  electric  current  in  a  motor  is  simply 
the  diarge  (or  numoer  of*  electrons)  flowing  during  an  elapsed  tine  period* 

The  electrical  pulses  per  second  of  a  radar  signal  is  anotPer  example  of  die 
application*  of*  electricif  rata*  Thermal  energy  rata  involves  die  movement 
of  heec  eaergy  from  regions  of  higfr  temperature'  to  regions  of  low  tanoeratura 
in  a  cartel n  tiee-  Ijicarral*  The  rata  ac  wdicP  operating-  macPines  can  be 
cooled  is  imoortant:  to  die-  proper  operation  of  a  macPine. 

In  suiBBary,  die'  concept  of  rata  is  present  in  meciianical,  fluid,  elec^ 
trrca.!  and  diarmal  systems*  In  eacP  case,  rate  is  an  expression  of  the  rela* 
cionsirip  of  a.  dlspiacamantliicfr  quantity  to.  an  elapsed  time. 
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DISCUSSION 

Fluid  systaais  ard  cammorr  in  everyday  life.  They  are  common  also  in  com¬ 
mercial  and  Industrial  applications.  MItP  each  fluid  systaoi  that  Is  operat- 
Ingv  there  is  usually  an  important  fluid  rate  that  has  to  oe  controlled  or 
measured.  For  example,  the  fan-  in  a  heating  and  air-conditioning  systan  is 
designed  to  take  stale  air  front  a  room,  then  condition,  filter  and  return  the 
air  to  the  room  either  as  v«arm  air  or  cool  air,  depending  on  the  season.  The 
amount  of  air  moved  is  a  rate  measured  in  either  cuoic  meters  per  minute 
(mVmln),  or  cuoic  i‘eeE..43er  nrinute  (ftVmln)— or  cuoic  feet  per  hour  (ft^/hr) 
in  large  systems.  Fluid  rates  control  how  fast  a  snower  or  faucet  runs;  now 
comfortaole  a*home,  office  or  plant  is  maintained;,  and  the  ease  of  ooeration 

of  a  car.  Many  industrial  or  manufac¬ 
turing  machines  also  depend  on  fluid 
rates. 

At  first  glance.  1t*s:  tempting  to 
say»  that  rate^  in-  fluid  systems  can-  Pe 
deserf  tied:  as:  a^  meesure?  oT  fl'aid  speed. 
However,  fluid  rate  is  involved  with 
.  vdiume^of  flow.  Examination  shows  that 
if  fluid,  speed  in-  two  pipes  of  different 
size  Is  the  same,  less  volume  of  fluid 
will  flow  through  a  small  pipe  than 
through  a  large  pipe  during  the  same 
time.  (See  Figure*  3-4.)  This  means  we 
must  talce^  volume  or  capacity  of  fluid 
Inta  consideration  wnen  descrioing  flow 
rata.  S-imoly  stating  fluid  velocity  does  not  adequately  describe  flow  rate. 

VOUJME  RATE 

A  common  rate  in  fluid  flow  is  called  ‘'volume  flow  rate."  This  rata  is 
found  Py  dividing  a  measured  volume  of  fluid  moved  Oy  the  time  redui  reo  for 
this*  volume  of  fluid,  to  floe  from  a  pipe.  The  fluid  moved  is  often  referred 
to  as  the  displaced,  fluid.  Using  a.  word  epuatlon,  volume  flow- rate  can  oe 
expressed  asi 


Fig..  3-8  Effecr  of  pipe,  diameter 
or  volume  flow  rate» 
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Using  syniools,  yolune  flw  rara  can  oe  viirittan  as; 


Voluma  flow  rata  *nw  many  units*  Any  voJuina  unit  divided  by  a  ^me  unit, 
meets  tfte  definition-.  Cosmon  volume  flow  rates  include  m^/sec,  ft ^ /sec, 
gal/nrin,  litars/sac,.  ecc»  Example  3-r  lllustratas  bow  volume  flow  rata  is 
detarnrined^ 


E3WHPIE  3-Fr  VOLUME  FLOW  RATE 


-  Sivem 


Find: 
Soluti ont 


A  canlc  iio  ids:.  I0,.DQQ  gal«> 
Ions;-  four*  boure  (2A0  min-) 
are-  needed."  ta  fil  1  tfte  tank 
ac  a  steady  rata. 

Volume  flow*  rata  of  v<ater 
tnrougn-  tne  pipe. 


10,000  gal 

(1  f,r)  ..  (ito 

I  br 


(Cancel  br- units.) 


10,000  gal 
240  imn 

Qv  *•  33.  gal /min;  tner  steady  volume  flow  rata  required  to 
fill  tbe  tank  is  33'  gallons  eacn  minuta.. 
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NASS  FLOW.  RATE 

Wh«n  tfte  fluid  is  gas  (and  sometinies  liquid),  it's  oftan  aesiranle  to 
consideriwss  now- rata  ratiiar  tftan  volume  flow  rate.  Mass  flow  rata  is 
defined  as  tfte  Huid  oass  tnoving  past  a  given  point  op  position'  in  a  given 
amount  of-  time.  Stated  in  equation  form,  tftis  rata  is  vi^rittan  in  tne 
following  aianner: 


Example:  2-«  demonstrates  how*  toasr  now»  rate  can  Oe  aetarnrined. 


ECAMPIX  3-4:  .MASS  R.0W  RATE 


Si  ven: 

F!  nd : 
Solution: 


ISQ  leg*  of  ammonia  gas.  flowing  tProugn  ttie  cooling  coils  of  a 
refrigerated  trucx  in  S' innutas. 

.Mass  flow-  rate*  of  tfte?  gas.. 


5  min 

*  30  icg/min  .  - 

The*  ammonia  gas  is-  flowing  at  a  rata  of  30  )cg/min;  or,  sinca 
one^  ici logranr  equals  1000  grams,  ar  the  rata  of  30.000  grams/ 
mi  nute. 
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HGISURINE  FLUID  RATES 

As  have  seen,  the  coninonly-<Jsetf  rates  for  fluid  are  volume  flow  rata 
(Qv)  and  mass  flow  rata  (Qq,)*  Methods  for  measuring  and  controlling 
these-  two  rates  vary,  depending  on  the  situation.  Instruments  for  reading  or 
determining  these  rates  include  direct  indicators  such  as  flowmeters  (which 
operate  on  displacement  or  movement  of  the  fluid)  and  indirect  indicators  for 
pressure  and  velocity  (which  allow-  flow  rate  calculations  to  be  made  with 
great  accuracy ) . 

CQNTROLLIhS  RATES  OF  FLUID  SYSTEHS  IN  WORKPLACE  APPLICATIONS 

< 

'.^oncplaca  applications  wnere  fluid  system  rates  are  measured  include 
oottling  plants  for  any  numoer  of  products,  from  soft  drinlcs  to  dishwashing 

liquid-  (See  Figure 
3-9  • )  In  these:  app  1  i  ca- 
ttons-^  a.  pump  moves,  the 
fluid;  fropr  a  mixing*  tank 
to  a  bottling  machine- 
The-  rata-  of  flow  is  sat 
so  that  the  bottles  are 
filled  as  the  conveyor 
belt  moves,  them-  into 
position. 

The  city  water  puri¬ 
fication  plant  treats 
water  before  introducing 
it  into  the  suoply  sys¬ 
tem.  Aeration-  nozzle 
ratings  in  gal/nnn,  or 
pump  capacity  in 
liters/ sec,  determines 
the  aeration  treatment  time  for  the  water.  This  rata  is  linxec  directly  to 
the  valume  flow-  rare-,  as  well  as  to*  the  aoility  of  the- water  system  to  serve 
the  community. 

If'  the  volume*  flow,  rata  is  nign,  the  system  must  nave- large  pipes  that 
maxe  water  aval  lap  le  wnere- needed  without  naving  to  move  it  raoidly  over  long 
distances.  Using  smaller  pipes  and  ni gner  fl ow.  speeds  might  also  meet  the 
demand .  3uc  the  wore  repui  red  to  move-  the  same-  amount  of  water  througn 
smaller  pioes  would  be^ nigner  and,  thus,  less  efficient.  (See  Figure  3-10.) 
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flr  citT  Mccar*  tTMtsaanc 
syscar  '^nore-  rsts  Is:  inporraiic*. 


Fig*.  3-U.  Conrrtjl  oT  flow  rsza-  fnm 
ii  r  camopsssor  ta  jacxnainm®r  is 
i moorcant • 


In  tne  case  of  gases  (especially 
^ir,  will cn*  is  in  common  use),  it's 
necessary  to  locate  tPe  storage  tank 
as  close  to  tPe  point  of  use  as  pos¬ 
sible-  Since  air  is  compressi b  1  e  and 
is  greatly  influenced  by  temperature, 
traveling  long  distances  tbrougn 
lines  at.  bigp  speeds  causes  bign 
frictional  losses.  Locating  tbe  com¬ 
pressor  and  storage  “ank  close*  to  tne 
point  of  use  makes  it  easier  to  main¬ 
tain  the  volume  flow  rates  of  tne 
system.  (See  Figure  3-11.) 

FlrefigPters  and  persons  wno 
operate- eertnnoving  equipmenr  are*  de- 
penoenci  on^  bydreuiic:  systems  tp-  help 
tftmir  perf  omr  tPei  r  beevy  work  tasks  » 
In  esrtnnoving  epui  pmenr.,.  tne-  rate 
of  flow,  of  fluids  into  or  out:  of  tne 
epuipment^s  hydraulic  cylinders 
determines  now  many  cupic  feef  (or 
caPic:  yards)  of  eartfr  or  rock  can  be 
moved  per  hour  by  tne  macni  ne  •  In 
flreflgnting,  botn  tne  pianping  capac¬ 
ity  and  nozzle^  rating  of  tne  fire 
truck  and  eduioment  determine  bow 
many  gallons  of  water  per  minute  can 
be  placetr  on-  a  fire.  Pumoing  capac¬ 
ity  of  fire-  trucks  also  determines 
bow  bign  tne  stream  of  water  can  be 
raised  aoove  street  level.  For  tail 
buildings,  tnis  may  be  many  stories 
bign-  Having  tne  prooer  amount  of 
water  pressure  is  crucial  to  tne  task 
of  fire*  fignrlng.  (See  Figure 
3-12. ) 

Fluid  systems  witn  various  flow 
ana  inoustriai  locattons  to  move 

Rata  of  flow  of 
0  get  a  tnorougn 


rata  controls  are  used  in  plants,  commercial 
matanals,  ooerata  conveyors,  and  lift-  ana  lower  elevators, 
fluids  is  an  imoortant  concept-  tnat  tecnnicians  must  master 
understanding  of  bow  fluid  systems  work. 
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Fig^  3-12.  OpefT  and  closed  systems. 
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STUDENT  EXERCISES 


The  following  exercises  review  the  main  ioeas  ana  definitions  presentaa 
in  this  suounit-,.  “Rata-  in  Fluid  Systems."  Como  1  eta*  eacn  question  as  indi¬ 
cated. 


2. 

2. 

A-, 


The  rata  associatad  wltn  a  fluid  systenr  is  . 

,(C5pcla  tOa  correct  answer.) 
a*,  voluma  flow^  rata 

0.  fluid-  so««t  or-  velocity 

mass:  flow*  rata 
d.  Soto  a  and.  c.. 

The  rates  associated  with' the  units  he  low  may  Oe  classified  as  volume 
flow  rates  or  mass  flow*  rates.  Examine  each.  Write  in  the  blanic  pro¬ 
vided.  for  each"  item  a  "Qy"  for  volume  flow  rate  or  a  "0^"  for  mass 
f  1  ow-  rate.- 

m^/sec  5.  ^ 

6. 


gram/nrin 
11 tars/ sac 


7. 


gal  /min 

icg/min 

oz/sec 
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3,  In  a  hyapaulic  cylinder,  (fluid  volume,  fluid  flow  rata) 

detarmi-nes  how  fast  CJie  piston-  moves,  (Placa  the  correct  words  in  cne 
olanJc  space •} 

9.  If  a.  leajt  in  a  faucet  causes  a  water  loss  of  120-  gallons  in  two  days, 
what  is  the  volume  flow  rate  per  hour  (24  hours  *-  I  day)?  (Circle  the 
correct  answer  and  show  your  woric.) 

a.  3,0  gal /hr  (Show  woric  here,) 

P,  60  gal /hr 
c,.  2,S  gal /hr 

d-.  25  gal /hr 

f 

10,.  A  car-  ilrMMndltloner'  pumps.  5  leg;  of  Freoa  12  gas  through-  the  system  in  3 
tirinucas,.  Ffnd.  the?  mass  fTow-  rats  of*  thm  Freon.  (Circle  the.  correct: 
answer-  and;  snow-  your^  wort.) 


a,. 

L.r  kg/nrin 

( Shoie  work:  here,.) 

b,. 

12  kg/nrin 

« 

c,. 

1£  kg/rain 

d.. 

None:  df  the  apove^ 

11,.  Where  gases  are  comoressed.  (especially  atr,  which  is  in  common  use), 

storage?  tanks  should  oe  located  as  close  to  the  point  of  use  as  possible 
because  (Como lata  the  expiration  in 

tanns:  of  volume  flow-  rata,) 


12-  The- size:  of  pipes  delivering  fluids  over  long  distances  has  a  direct 
bearing- on  making  the  fluid  availaole  wnere  needed.  This  primarily  has 
ta  do:  with  «  (Circle  the  correct  answer.) 

a,  volume  flow  rata  control 

b.  fluid  speed  control 

c. -  Neither  a  nor  b. 

d, .  Both  a  and  b. 
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Acnvmr  u  uritins  decimal  numbers  in  pouer-of-io  form 

o 

DISCUSSION 

In  Unit'  2,  “Voric,"  you  learned  tftat  one  caul  onto  of  charge  represents 
5, 250, DQO, 000 « 000,000,000  electrons.  The  amount  of  charge  carried  by  a  sin¬ 
gle*  electron  is  0.0000000000000000001602  caulomos.  Very  large  or  very  small 
numoers  that  require  much  space  and  effort  to  v»#r1ta  in  decimal  notation  (as 
aPove)  are  plentiful  in  technical  vtKjric.  To  make  large  nunnaers  more  compact, 
they  are  written  in  a  form  of  notation  icnown  as  “power -of -10“  or  'exponen¬ 
tial'*  notation.  This  method  allows  the  representation  of  one  coulomo  of 
charge  to  be.  reduced  from  19  numders  to  5.25  x  10^®  electrons.  The  charge 
carried  by  arr  electron-  goes  from  22  numoers  to  1.602  x  10" coulomos. 

To  find:  howr  this  is:  done^  consider  the.  foil  owing  taPle.. 


TABLE  Ir  DETIMAL  NUMBER  ANU  POWER-OF-10  EQUIVALENTS 


Decimal  Number 

Pdwer-df-lO 

Exolanatlon 

U0Q0,D0Q 

1 X  10®  or  10® 

10  X  10  X  10  X  10  X  10  X  10 

100,000 

L  X  10®  ar  10® 

,10  X  10  X  10  X  10  X  10 

10,1300 

1  X  10*  ar  10* 

10  X  10  X  10  X  10 

1,000 

L  X  10®  ar  10® 

10  X  10  X  10 

100 

1  X  10^  or  10^ 

10  X  10- 

la 

1  X  10^  or  10^ 

(Usually  written  without 

1 

L  X  10®  ar  10®^ 

exponent ) 

3y  definition,  any  number  to 

O.I 

1  X  lO*^'  or  10"^ 

zero  power  equals  1. 

1 

0.01 

0.001 

0.0001 

0.00001 

1  X  IQ"-^  or  10-^ 

1  X  10-^  or  10-^ 

L  X  IQ-"*  or  lO-"* 

1  X  10-^  or  10"^ 

10 

1 

10  X  10 

1 

10  X  10  X  10 

I 

10  X  10  X  10  X  10 

1  ’  ■ 

0.000001 

1  X.  10-'^  or  10-® 

10  X  10  X  10  X  10  X  10 

i 

10  X  10  X  10  X  10  X  10  X  10 
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Every  decimal  numoer  can  Qe  expressed  in  power-of-10  notation.  The  num- 
Oer  must  Pe  factored  Into  t>to  separata  parts,  just  as  30  can  be  separatad  In¬ 
to  a  product  oi*  the-  factors,  3.0  and  10.  In  other -vwrtls,  30  »  3.0  x  10.  The 
first  leading  factor  contains  the  significant  digits  of  the  numoer,  which 
Irtdicata  the  accuracy  of  the  numoer.  The.  second  factor,  (aftar  the  multipli* 
catior  sign,  representad  by  air  Is  a.  10  with  an:  exponent.  The  exponent 
is  the  power-of-10,  or  bow  many  times  ICL  is  multtplied  by  itself. 

Study  Taole  Z  using  Taole-  L  to  verify  the  answers. 


TA8l.£  2:  CONVEHSTOfl  OF  DECIMAL  NUMBERS  TO  POWER-OF-IQ  (COLUMN  3) 
,  AND  SCIENTIFIC  NOTATION  (COLUMN  C) 


Column  A 

Column  3 

Column  C 

375,000  » 

375  X  lO-* 

3.75  X  10= 

auooo  » 

3L  X  LO.^ 

* 

3-i  X  10* 

^  (T23;nnn,ooo  > 

523r  X  IQ?- 

• 

S.22.  X-  10^ 

10.  - 

100.x.  ur^- 

* 

UO  X  lO^- 

(TJITIS  * 

TI£x:  la-^ 

ros  X  10^ 

01000000123  » 

m  X  la-*' 

uoa  X  10-^ 

PRACnCS  EIERCISg  FOR  ACnYITT  I 


Prop  1  ear  Converc  the- decimal  numoers;  in-  Column  A  bo  "power-of  -  IQ* 

edu1ve]ents~  irr  Column*  3.  (Leave*  Column  C.  blank  for  now.) 
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AcnYirr  zz  wruing.  pouer-of-io  numbers  in  os:dml  form 


QISOISSION 


Sines  pOMer-of»lQ  nunoers  exprsss  v«nsrs  to  placa  tPs  decimal  (to  tPe 
rfgftc  or*  left)  vKiien  rewriting  to  decirasl  form,  tfte  decimal  process  is  just 
tPs  reverse*  of  Activity  Lt 

From  Taole-  I,  10*^  means'  tiiat  tne  decimal  place  is  placec  four  places  to 
tPe  rigrtt  of  So,  I  x  LO^  »  IQOQQ-  *  10,000.  If  tte  numoer  is  10"^,  t*?en 
tne  decimal  is. placed  fouc  places  to  tfte  left  of  1.  So,  1  x  10*'^  *  (Q.OOQl). 

I 

PRAcncs.  sgScisE  R»  Acnvrrr  z 

Prooieag  Convert  die^  power-of^iQ  numoers  in  Column  A  to  decimal  numoers. 


Plac»t!ift  answers  in*  Coluam  3»  (Leave  Column  C  Olanlc.  for  now.) 


Qxiuor  3. 


Calusn*  C 


32e  e  IQ* 

2UZ  X  10-“*-  ;: 

S-1  X  10® - 

2-06  X.  10® 
U2.X.  10~® 
0-01.  X  la® 


Renenoer  tliat.  power-of-lO  numoers  can-  Oe  vrltten  in  more  tftan 
one  way • 

Acrrvrrr  zz  writtiis.  obiixal  numbers  and  power-of-io  .numbers 

IN  SCIEHTIFIC  NOTATION 


OTSnSSION 


W*ien  converting-  decimal  numoers  to  power-of-lO  numoers,  or  rica.  versa, 
do  nor  round:  off  or  drop  significant  digits.  The  conversion  usee  snouid  not 
affect  acsaracy.  While  not  a  fixee  rule,  tite-  first  factor  is  represented,  as 
a  numoer  oeeween-  I  ane  10..  This  r/pe  of  expression  is  a  soecial  exoonentlal 
notation  '<nowii  as;  scientific  natation.  Scientific  notation  is  simoly  a  num¬ 
oer  written*  as  a  numoer  oeeween  I  and  IQ,  muitiolled  oy  me  numoer  10  mac  is 
raised  to  some-  power.  See  Figure  1. 
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Decimal 
Notatl on 


C> 


Sc1  ent1  f  i  c 
Notatl on 


1st 

Factory 

2nd  Factor  Un1t> 

58,200  ft 

-  s.az  X 

10,000"*^^  ft-«^- — ^ 

I 

,  1 

A  1 

SI  gnifi  cant 

Four  Factors 

Measurement 

Digits  of 

1 

Num 

oer 

IQ  X  10  X  10  X  10 

1 

written  as 

the  exponent 

r- 

.1- 

*  8.8Z  X 

lO'^^^ft 

Therefore^. 

5a,2Qa 

ft  •  s.az  X  in'-  ft. 

FI  gw  L  Scpressl  ng.  a  numoer  i  n  scl  ent1  f  1  c  notatl  on  • 


foil  owing:  nunberr.  In-  Cblumr  C  from:  Table:  2:  are^  written  In  scientific 
notatl  on  as  shown  bsiow  : 

J^TS  X-  LQ^-  Ufl  X  10^ 

X  10"^  r.is  X  10-^ 

S.ZX  X-  10^  I*32  X  10-^ 

PRACTICE  EXERCISES  FOR  PCmiTT'  3 

Probieai  1:  Convert  the^  decimal  numbers  in  Exercise  1,  Column  A,  to  scien¬ 
tific  notation*  Place- answers  in  Column  C  of  Exercise  1* 

Prop} eg  Zz  Convert  the*  power-of-lU  numoerr  in  Exercise  2,  Column  A,  to 
scientific  notation.  Place  answers  in  Column  C,  Exercise  2. 

In  a  future:  Math  SkllTs:  Lab,  you  Ml  learrr  to:  add.,  subtract,  multiply  and 
divide  using  power-of-lO  numbers*.  You  will  also  leam  low  to  use  a 
calculator  to  perform- tbese^  operations.. 
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ACTIVITY  #5  (Cont.) 


ACTTYITY  4‘  CONDUCTING  MATHEHATT CAL  OPERAHONS  WITH  NUMBERS 
„  EXPRESSED  IN  PDHER-OF-10  FORM 

OISOJSSION 

lii  a  previous  lad  exercise,  you  were  required  to  state  decimal  numoers 
i IT  exoonenti al ,  or  pwer-of-lO,  form.  The  exponent  of  10  detarmineq  place- 
menr  of  the-  decimal  wtimr  canvertinq  oadc  to  decimal  numoers. 

This  exercise  will  explain  how  to  conduct  math  operariors  on  numoers 
vi^itft  power-of-lQ  form.  ..Taole  1  from  your  previous  lao  can  serve  as  a  guide 
to  checx  your  woric. 

The  follTXing  rules  must  oe  ooserved  to  ootain  correct  answers  wnen 
adding  or  suotracting  power -of -10  numoers. 

Kul*  Lr  Any  numoer  to  the^  zero  power  (exponenr)  Is  equal  to  L. 
gcMplur  10«  .  U-  2.®-  -  U  S®  -  1. 

Anyr  maoer^ts  ftrsc  power  iS:  equa,!  to:  thac  numoer. 

Senoo^Iesr  la^  »  IQt  »  24.*  »  5., 

Rule!'  Sefore^  numoerr  are  added  or-  suocractad.  the^  exponents  of  10  musr  Oe 
ther  same.  The  first  factor  need  not  Oe--Oetween  1  and  10. 

Example  L:  Add  2.510  x  ID^  to  5.2000  x  lO'*' 

2.510-  X  10^  »  2.510.  X-  10^  (leff  as  Is) 

S'.2QQ0.  X  10^  »  52.000  x  10^  (changed  to  a  power-of-lO^) 

Now^  addi  2.510  x  10^  ' 

(^)62.000  X  10^ 

54.51  X  10  2 
or  5.45L  X  10"^ 

Examole  2:  Suotract  7.3L  x  10*^  from  1.930  x  ID*® 

1.930  X  ID*®  »  1.930  X  10*^  (left  as  is) 

r.31  X  10*^  *  Q.J3L  X  10*®  (changed  to  a  power -of -10*®) 

Now- suDtrecr:  1.930  x  10*® 

(«)  0.731  X  10*^ 

1.149- X  10*^ 

REMEMBER:  The- numoer  10  nisad  to.  different:  exponential  powers  cannot  Pe 
atiitmti  or  suotractsd  any*  more  then*  apples  ana  oranges  can. 
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activity  sheet  #5  (CONT.) 


Proolqi  2;  MULTIPLY  tfte  foil  wing  numoers  in  exponential  form* 

(5^  X.  l0^)(^  X  lO") 


(2*2  X  l(r^)(2*S'x  10*5 


(9  X.  IQ*)  (4.  X  10-^) 


The*  following'  rules  apply  to  dividing'  pawer«of *10  nunoers. 

UnlerSc  Whenever  10.  has  a.  power  with  a  negative'  sign,  sucn  as  10“^  or  10*^, 
It:  is:  equal  to:  tftw*  numoer,.  one,  divided,  by  10  v«itn  Che  same  power 
and.  at  posl  t1  ver  si  gn  •.  Ftsr  examp  1  a: 

io-^« 

10^  10 

lOr^  *  -L. »  ...J:,.  ■  ■  -L- 

10  .^  10  X  la  100 

10-^  *•-  M  }. - »  — L 

lO**  10  X  10  X  10  1000 


Ruler Sx.  In*  division,.  Che  flrsr  factors,  of  each  numoer  are  divided.  But  Che- 
exoonents  of  10  are  suotractad  aigeoraicany .  The  result  is  the 
duotlent:  of"  che=  first  factorr  Clrties  (x)  a  power  of  ID. 


Examle  I: 


X  10 

Z^Lx  10**  Z-1. 

•  a.0  X  10^ 
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ACTIVITY  SHEET  #5  (CONT.) 


Example  Z: 


.  2:1  X  10^- H) 

2*1  X  10--^  2.1 


X  1Q^° 


(NOTE:  A  Vinus  times  a 
minus''  is  equal  to  a 
“plus,"  tftus  -(-3)  is 
equal  to 


3r  DIVIDE  tne  following  numOers  in  exponential  form. 
3.5  X  10^ 


1.2  X  10^..  , 

—  X 

*9.5  X  10^ 

Y 

3  X  lO-"' 

ia.E  X- 10-^ 

£ 


ACnVITT  2r  USING  POUQS-OF-IO  WJMBESS’  TO  SOLVE 
PRINCIPLES  OF  TaaHOLDGT  PRQBLSC 


This,  activity  will  comoi ne^  ther  ski  11  s  leameq  in  ca.1  ca I ati ng- unknowns 
vi^hBfr  using  power-of- ID  minoers..  These-  skills  are- Pesr  leameq  Py  practice. 

Pnaeieg  Ir 


SI  ven: 

Fine: 

So  1  uti  on : 


An  air-conoitioner  Pucr  ias  a  pressure^  difference  of 
12E.S  X  10-^  Ib/in*^  wnerr  the  fair  moves  30.000  in^  of  air. 
Work  done  Py  the  fan. 

WORK  *  PRESSURE  DIFFERENCE  x  VOLUME.  .MOVED.  ‘ 

W  -  »  dP  X  Y 

W  *  (126.5  X.  10-^  -1^(50.000  in^) 

in- 


K  •  (126.S.  X  lQ--^(5  X  lO^r-li-x  in^ 

in*^ 

W-  *•  (126.E)(5)  X  10-^  in. lb 
W'  »•  632*5-  X  10^  *  63215  in*lb. 
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ACTIVITY  SHEET  #  5  (Cont.) 


Prodioi  2: 


<a1  V€fll 


Find: 


A  bulldC.  laavds  tha-  barral  of  4  rifle  witlr  a  spaed  of 
0.I2S  X  IQ^  (R/sec. 

Olstanca  traveled  1n  three  seconds. 


Solution:  SPHED  « 


OISTANCI  TRAVELED 
tUPSED  TIME 


or  V  a  —  . 

t 


V  (To  find,  distance ,  isolata  i  Oy  (lailtlplying 

T""  '  both  sides,  of  equation  oy  t.) 

tJL 


^  (Cancel  t‘s4 


tv 

This,  leaves,  l  »-  rc^ 

£>  (aU2S  X  la^ -S4(3.j«£)  (Cineal  saeands..) 


i.»(aU25iB)(3)  X  10^ 
£  •  1U7S  X'  10^  IB 
r»375.ifc. 

PMCncr  StESClSE  FOt  ACmiTT'  s 


Pronit 


Siven:: 


Find: 

Solution: 


Several  forces  were  recorded  Oy  sensors  in  a  test 
oiT  an-  aircraft  vring  at  one-  poinc.  These  forces, 
all  acting  in  the-  sane  direction,  were  as 
foi lows: 

fl  »  H.22.X  or 
f  2.  *  X  Ifl.^  or 

f  1  » -t-l.D8:  X  IQ^  or 

The^  total  forca  (F)  at  the  point  mentioned. 

F  »■  f  ^3 

F  » 
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INTERMEDIATE  OBJECTIVE 


#6 


Describe  the  similarities  of  related  technology  circuits  and  components.  | 

.V 


RESOURCES 

1.  Information  Sheet  #6  page  69  -  75 

entitled  "Unified  Technology  Concepts" 


2.  See  your  instructor  for  the 
criteria  evaluation  for  this 
Intermediate  Objective. 


3.  See  your  instructor  for  learning 
guide  212. 
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INFORMATION  SHEET  »6 


UNIFIED  TECHNQLQGY  COMCZFTS 


©QBJECTTVE;  To  recognize  tne  slnllalrir/  of  reiotsd 

tecfinology  circuits  and  comoanenTs 


Tiirougnout  me  decades  mere  das  Seen  a  consistent  segregation 
of  cecnnoiogies.  FLUID  POWER  das.  been  oresantec  as  oatn  sneuitatic 
one  Hydraulic  and:  never  belns  related,  to.  ELElTRICLTV!  As 
eiecrrtcity  Is  not:  relatest  ta  fluid:  oower, 

AWPTHOMrCS’.,  audivtsl'oir  of  Tir  ROBlinC  SYSTSS  rac.  wuid:  Like  to 
bresemr  a  new  concear  ta  tne  studenO/  a  UMIFTED;  TECitJCLQG'/'  course 
tnet  will  anoaie.  a  stuaenr  to:  Identltr/-  circuits  botn  in  slectrlci 
oneumccLcs  ana  dydrauilca.,  witn  tne  tain  esnesis  on  oneutarlcs. 

A  "UHIFTED'  TEHNOLOGY"'  Circuit  can  best  be  axolained'  as  one 
circuit  recectea  using  ' el ectricoiv  oneumatic  and  dvarculio 
STitools.  All  circuits  dove  a  POWER'  SCURCZ^  A  PATH  OF  TRAVEL,  one 
a  LOAD. 

Study  tne  cirl cults  on  tne  following  cage  ana  note  met  onev 
are  all  identical  axceot  for  tne  cemoonent  s'yinoDis'  a  cuick 
reference  cnart  for  basic  electncal  avmools  con  be  founa  ct 
tne  end  of  tnis:  cctivlt/  inorcer  to  ala  you  in-  recccnizing 
tne  vari.ous  aiactricai  svsnnols.  Refer  to  tne.-  SRAF'C  SYIRBOLS 
section  or  your  otner  10000010  for  oneumatic  ona  'nYcrculio 
s'/moQ  I  s , 


INFORMATION  SHEET 


EkIt  source  af  power  may  tdce  many  foniis^  sudi  as  AC  i  DC  electrical 
power,  OMDressad  air  ora  Hydraulic  systam.  Swi teres,  valves 
ana  loading  devices  will  also  cake  many  different  forms.  However, 
ail.  canoonent?  regardless  of  me  tecnnology,  will  Oe  dictated 
py  me  dooricatlon  needs! 


When  studying  on  aoollcatlon  prooiem,  me  *IINIF*S  TcOlNCLOG'^ 
cnncZPT’'  can  Pe  oaolled.  After  all  surrounding  candl cions  nave 
Peen  determined,  one  of  me  mree  cancsots,  (electrical,  oneumotlc, 
or  HyoraulicJ  car  Pe  usee. 


Asiyoa  oracead:  enraugtr  me.  fallowing'  activities,  cake  me  cime 
ca  drw  aedr  ctraaic  using:  me  'TUIIFIED:  TEHNQLfliTf  OTCEPT''. 

As  your  g&tl  Itles:  increase**  you,  will  f ind  cnar  eadr  clraal.r 
amt  oDttUcBClorr  mar  Hovet  <t  more  suitnaie:  al.tamacive  desendlng- . 
uBorr  me*'  surraundlng"  anvtrannenr  of"  me  arol  icarlon. 


Using  your  oresenr.  clectrl cal  caurte  .manual  cr  me  QUIC<  .RErEHBCZ 
sailJE.  suoailed  in  mis  manual  ana.  me  'OTOTIC  appucattons  FIR 
PKEUWATTCS.  HYDRAULICS^ ,  layout:  and.  draw-  me  fallowing-  circuit 
far  ail  enree?  tecanoiagles..  Use  any  swltdrlng  or  load  oe/lces 
cnor  you  moy  cnoase. 


Additional  'work  sneets  Hove  Peen-  oravtded  so  you  may  cr/  your 
am  1  Itles  trme  *!JNIFrE2:  TSIHNGLflG'f  af  sane  of-  me 

activities  irr  arts  manual. 
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INFORMATION  SHEET 


UNIFIED  TECHNOLOGY  CONCEPTS 
WORKSHEET 

#  PNEJfWTIC  CIRCUIT 


,  ^  ...........................I— 

♦hydraulic  ORailT 


♦electrical  circuit 


POWER 

source 


Q 

a 


SWITCH 


LIGHT 
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INFORMATION  SHEET 


XORKSHgr 

#.P«EUIwnc  CIRCUIT 


™er 

sauRCf 


#hyiiraullc  ciRoirr 


#»esrsicai.  ciRcurr 
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INFORMATION  SHEET 


ELECTRICAL  QUICK  REFERENCE  CHART 


coMPONorr 

nESCTipnoN 


Coinicciioiu  srouad 


G3UPM1C 

SYMBOL 


L£TTER 

mtBOL 


Dlofla-  ssnnconductor 


pad 


d 


Rdd  EiTecs  (Juncnon) 

Tnasutor,  N  Oanati  ‘  y  ~ 


F«» 


Gtfttcntor 


Lamp 


OJMPONENT 

oESOirnoN 

(TRAPHir 

SYMBOL 

SYMBOL 

Potcnuonwter 

1 

— 'VV'v— 

R 

Rtsstor.  fixed 

-Wv- 

R 

tapped 

-A/^vV- 

R 

GEN 


Le 


Meter  tmsm  letter 

indicsQUB  foacson 

V  -rmtiBeter 

O 

M 

SwitdL  Singie^le- 
Tlirow  (SPST) 

0-*^ 

! 

S  i 

1 

MiJliasnaeter 

© 

nA 

SaHie^ie- 

Qounie-TTaow 

(SPOT) 

0  O-h 

s 

I 

MillivoltiBeter 

© 

mV 

Douoie^oie- 

2ingie“  Throw 

mpm 

3-^ 

j 

N 

t 

1  Motor,  ac 

MOT 

Douole-?oie» 

Double-Throw 

CDPOT) 

0  a-r'3 

1 

0 

^  i 

Motor,  dc 

MOT 

PusPbutton. 
QomallY  dosed 
rPBNC 

a  1  Q 

1 

1 

s 

Neon  Lsxbp 

LP 

Pasnonnon. 
nonnallv  ooen 
fPBNO') 

0  <3 

1 

Ohnnneter 

fOHMl 

OHM 

Rotary 

3 

3  3 

s 
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INFORMATION  SHEET 


#  ELECTRICAL  aUICK  RErERERCE  CHART  • 


COMPONENT 

OESn^IPTTON 

GRAPHIC 

SYMBOL 

LETTER 

SYMBOL 

Tenninai 

Thermistor 

RT 

TTiermocoupie 

TC 

Tnmfanaer,  Air  Core  ^  ^ 

T 

Iioa  Carr 

m 

■  r 

AuseaiaforiBer 

]ii 

T 

TnasmorNPN 

Q 

PNP 

C) 

Q 

Vsinjum  Tube 

n 

V 

diode 

mode 

V 

pentode 

V 

Voitmeter 

© 

V 

Wtnmeter 

© 

w 

Zenerdiode 

- 

CR 
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PROGRAM  INDUSTRIAL  ELECTRICAL  MAINTENANCE 


9 


CRITIiRION  [iXAM 

I’ASK  --  211  DESCRIBE  UNIFIED  TECHNOLOGY  CONCEPTS 


[HRHCTIONS: 

nii:  PURPOSE  OF  this  exam  is  to  de:termtxi-;  wui-:tuer  or  not  you  [iave 

UNI)l:RSTOOn  HIE  INFORMATION  ON  UNIFIED  TECHNOLOGY  CONCEPTS. _ 


[iach  of  the  questions  or  incomplete  statements  below  is  followed  by 
several  words,  phrases,  or  a  series  of  numbers.  Choose  the  one  which 
best  answers  the  question  or  completes  the  statement  correctly.  Place 
the  letter  associated  with  that  choice  (A,B,C  or  D)  in  the  numbered 
blank  space  on  your  ANSWER  SHEET.  DO  NOT  WRITE  ON  THIS  TEST!!!  To 

master  this  c.xam  you  must  answer  IQ _  out  of  _ 10 _ 

items  correctly,  _ IQQ _ . 
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EVALUATION  SHEET 


UNIFIED  TECHNOLOGY  CONCEPTS 


1.  Charles  Law  states: 


2.  When  a  moving  piston  does  work  in  a  hydraulic  cylinder,  the  pressure 

exerted  by  the  piston  is  multiplied  by  _ . 

A.  area  of  the  piston  face 

B.  fluid  volume  displaced 

C.  weight  density  of  the  fluid 

3.  Pneumatic  and  electric  systems  use  similar  mathematic  expressions  for 
doing  work.  Write  the  expressions  for  each  below. 

Pneumatic  work  formula  equals  _ 

Electric  work  formula  equals  _ _ 

4.  Open  fluid  systems  do  not  make  provision  for  _ . 

5.  The  term  "mass  flow  rate"  is  symbolized  using  Qm.  Complete  the  expression 
for  Qm: 
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TASK:  IDENTIFY  FLUID  SYSTEM  COMPONENTS 


PURPOSE;  You  must  understand  fluid  system  components  as  they  apply  to 

robotics  and  automated  manufacturing.  The  intermediate  objectives 
under  this  task  presents  the  fluid  system  components  to  help  you 
achieve  the  needed  understanding.  The  modern  electrical  maintenance 
person  knows  how  fluid  systems  work  so  that  troubles  can  be  identi¬ 
fied  and  repairs  effected  rapidly. 


INDUSTRIAL  ELECTRICAL  MAINTENANCE 
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LEARNING  CONTRACT  (optional) 


2.  TERMINAL  PERFORMANCE  OBJECTIVE 

Given  a  written  evaluation  and  a  performance  checklist,  you  will  identify 
fluid  system  components  on  the  written  evaluation  and  select  the  correct 
components  from  those  supplied  with  the  trainer.  You  must  score  100-^ 
on  the  written  test  and  *100%  on  the  performance  checklist  for  this 
obj  ective. 


INTERMEDIATE  OBJECTIVE 


Identify  air  and  hydraulic  components. 


LEARNING  STEPS  (Activities) 

1.  Read  the  information  sheets  cited  in 
Resource  #1  to  learn  the  fluid  • 
components , 

2.  Complete  the  self  help  exam  cited  in 
Resource  #2,  to  assure  mastery  of  the 
subj  ect . 

3.  Proceed  to  the  next  Intermediate 
Obj  ective. 


RESOURCES 

1.  Information  Sheet  #1,  starts  on  page  4 

and  is  entitled  "Popular  Fluid 
Components" . 

2.  Self-help  Exam  #1  begins  on  page  13 
and  is  entitled  "SelfHelp  on  Fluid 
and  Electrical  Components." 

3.  The  next  Intermediate  Objective 

begins  on  page  15.  i 

{ 
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INFORMATION  SHEET  #1 


"FLUID  COMPONENTS" 

In  most  air  and  hydraulic  fluid  power  circuits,  valving  is  used 
to  control  (a),  direction  of  fluid  flow,  (b) ,  rate -of  fluid  flow, 
and  (c),  maximum  level  of  pressure.  Control  valves  for  these  three 
functions  can  be  purchased  with  solenoid  actuators.  It  is  then  possible 
to  control  these  functions  remotely  or  to  tie  the  valve  action 
into  an  overall  electrical  circuit  for  atuomatic  or  semi-automatic 
action,  or  remote  control. 

Directional  valves  are  the  ones  most  often  operated  by  solenoids, 
although  to  a  limited  extent  2-way  solenoid  controlled  valves  are  used 
for  deceleration  control,  step  level  pressure  control,  pump  unloading, 
and  flow  control  (usually  on  hydraulics). 

Air  valves  and  hydraulic  valves  both  operate  in  the  same  way  and 
are  electrically  controlled  in  thesame  way  but  overall  circuitry  for  the 
two  fluid  mediums  is  different.  For  example,  most  air  circuits  use 
2-position  solenoid  valves  and  h^drolic  circuits  use  3-positions 
valves.  Pump  unloading  must  air  circuits  use  2-position  solenoid 
valves  and  hydraulic  circuits  use  3-positions  valves.  Pump  unloading 
must  be  considered  when  designing  for  hydraulics  but  is  not  a  require¬ 
ment  when  designing  for  air.  After  careful  consideration  of  the 
best  way  to  present  both  air  and  hydraulic  circuitry,  we  have  decided 
to  present  each  topic,  such  as  cylinder  reciprocation,  cylinder  sequenc¬ 
ing,  safety  circuits,  ect.,  and  to  give  examples  first  of  air  circuitry 
then  of  hydraulic  circuitry  before  proceeding  to  the  next  topic. 

We  are  briefly  describing  some  of  the  electrical  components  avail¬ 
able  for  control  of  fluid  power  for  the  benefit  of  those  who  may  have 
some  familiarity  with  fluid  power  but  not  with  electrical  control. 

The  electrical  components  described  here  represent  only  a  small  pro¬ 
portion  of  the  large  variety  available  to  the  designer.  Our  listings  are 
intentionally  limited  to  the  most  widely  used  types;  those  which  are 
most  often  used  for  control  of  fluid  power,  and  we  have  tried  to  select 
for  illustration  those  components  available  from  several  manufacturers 
rather  than  those  of  a  proprietary  nature  available  only  from  one 
source.  Some  manufacturers  rather  than  those  of  a  proprietary  nature 
available  only  from  one  source.  Some  manufacturers  may  offer  compon¬ 
ents  which  serve  the  purpose  equally  well  but  which  have  a  somewhat 
different  appearance.  To  completely  describe  all  similar  equipemnt 
would  require  a  large  book  devoted  entirely  to  this  subject. 
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A.  FLUID  COMPONENTS  AVAILABLE— AIR  AND  HYDRAULIC 


1«  Directional  Control* Valvw  —  4-Wav 


A  dirsctional  valve  is  defined  as  one  which  controls  the  direction  of  flow  of  a  fluid,  either  liquid  or 
air,  in  a  fluid  power  circuit.  Flow  direction  of  the  fluid  determines  the  direction  of  travel  of  a  cylinder, 
forward  or  reverse,  and  the  direction  of  rotation,  clockwise  or  counter-clockwise,  of  a  fluid  motor.  While 
most  circuits  require  only  one  directional  valve  for  each  output  actuator  (or  group  of  actuators),  there 
are  some  circuits  for  special  purposes  which  may  require  several  in  order  to  obtain  the  range  of  control 
needed. 


Four-way  directional  valves  are  usually  considered  as  standard  for  operation  of  a  double-acting  cylin¬ 
der.  They  are  built  in  a  wide  variety  of  shapes  and  sizes,  and  may  vary  in  appearance  from  those  shown 
in  our  illustrations,  but  the  solenoid  valves  shown  are  sketched  from  popular  brands  in  common  use. 

Electrically  controlled  directional  valves  respond  to  an  electrical  signal  for  shifting  their  spools  or  pop¬ 
pets,  to  provide  different  flow  paths  through  the  internal  porting  to  their  outlet  ports.  They  are  built 
as  2-way,  3-way,  4-way,  and  5-way  types.  The  student  is  referred  to  "Industrial  Fluid  Power  -  Volume 
1  for  further  description  of  these  types.  In  the  majority  of  applications,  4-way  valves  are  used  for  con¬ 
trol  of  double-acting  cylinders  and  reversible  fluid  motors. 


A.  Typieai  Air  Valve 


Single  Solenoid  4- Way  Valves.  Figure  1-1.  This  type 
is  identified  by  its  having  only  one  solenoid  coil.  When 
this  coil  is  energized,  the  valve  spool  is  shifted  against 
spring  force  to  its  opposite  side  position  and  held  in  this 
position  as  long  as  the  solenoid  coil  remains  energized. 
The  single  solenoid  valve  is  said  to  require  a  "maintained" 
eiactrical  signal  to  keep  its  spool  shifted.  There  are  only 
two  valving  positions;  no  center  neutral  spool  positioning 
is  possible. 


8.  Typical  Hydraulic  Vahra. 
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Graphic  Symbol  for 
OirecT-Acting  Single  Sol¬ 
enoid  4-Way  Valve. 


D.  Graphic  SymOol  for 
Piiot-Operared  Single  Sol¬ 
enoid  4-Way  Valve. 


(P  i~  pressure  port:  T  is  tank  return  on  nydraulic 
vaive.  exhaust  on  air  valve:  1  and  2  are  cylinaer  ports!. 


FIGURE  1-1.  Single  Solenoid  A-Way  Valves. 

"Textbook  available  fmm  iyomaek  Educanonai  PubUcationx.  Set  title  for  address  of  publisher. 
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Action  of  a  Single  Solenoid  Valve.  Figure  1-2.  The  basic  action  of  a  single  solenoid  valve  in  control¬ 
ling  a  standard  double  acting  cylinder  is  shown  in  the  two  illustrations  below.  A  pushbutton  is  wired 
in  series  with  the  valve  coil  to  the  1 15-volt  power  line.  During  the  time  the  button  is  not  actuated.  Part 
A  figure,  the  valve  spool  is  held  in  its  normal  side  position  by  an  internal  spring,  and  fluid  pressure  is 
directed  to  the  rod  end  of  the  cylinder,  which  causes  it  to  retract,  and  holds  it  against  the  rear  end  cap 
with  full  pressure.  Note:  If  fluid  lines  1  and  2  to  the  cylinder  were  to  be  reversed,  the  starting  position 
of  the  cylinder  vyould  be  at  full  extension. 


Cylindar 


Pushbutton 


Ex. 


-=fT^ 


:  Sinqie  Solenoid, 
Sonnq  Offset. 

3  44Afav  Valve 


Ex. 


Air  Inlet 


A.  Cylindar  retracts  when  normally  ooan  elactric 
pushbutton  is  released. 


When  the  button  is  pressed.  Part  8 
of  the  figure,  the  solenoid  shifts  the 
valve  spool  to  its  opposite  side  position, 
and  fluid  pressure  is  directed  to  the 
blind  end  of  the  cylinder  causing  the 
piston  rod  to  extend,  and  eventually 
holding  it  against  its  forward  end  cap 
under  full  pressure.  However,  if  at  any 
point  in  the  piston  stroke  the  bunon 
is  released,  the  valve  spool  will  be  re¬ 
turned  to  its  normal  position  and  the 
cylinder  will  immediately  start  its  re¬ 
traction  stroke  even  though  the  for¬ 
ward  stroke  has  not  been  completed. 

Since  there  can  be  no  neutral  posi¬ 
tion  on  a  single  solenoid  valve,  there  is 
no  electrical  means  by  which  the  cyl¬ 
inder  piston  can  be  stopped  in  between 
its  extremes  of  travel. 


Cylindar 


Double  Solenoid  4-Wav  Valves.-  Fig¬ 

ure  1-3.  A  double  solenoid  valve  can  be 
identified  by  its  having  two  solenoid 
coiis,  usually  on  ooposite  ends  of  the 
valve  body.  However,  a  visual  insoec- 
tion  may  not  reveal  whether  the  valve 
is  a  2-oosition  model,  or  a  3-oosition 
model  with  center  neutral  position. 
This  information  can  be  obtained 
either  by  comoartng  its  nameplate 
model  number  with  the  manufacturers 
catalog,  or  by  physical  insoectton,  re¬ 
moving  The  spool  to  look  for  centering 
springs. 


3.  Cylinder  extends  when  normailv  open  eiectnc 
pusnbutton  is  oresseu. 


FIGURE  1-2.  PusnoutTon  Control  of  an  Air 
Cylinder  V^ith  a  4-Way  Single  Solenoid  Valve. 


Valves  with  no  centering  springs  on 
the  sDool  are  called  "2-oosition,  no- 
soring"  models.  Those  with  centering 
sorings  as  "G-position,  spring  centereo" 
However,  some  large  valves  may  have 
pressure  centered  spools. 
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m 


TyP^  Ooubi*  So4«ioid  Air  Vai»«. 


pmURE  1-3.  Examples 


of  Double  Solenoid  4-Way  Valves. 


Otowa-Actinp  Doubto  Sotanoid  Vaiv. 


1  2 


P  T 


Pllot-Op«r«tBd  Double  Solenoic  Valve. 


r  fnr  ^.Position  Double  Solenoid  4-WaY 

FIGURE  M.  Graohic  Symbols  .  _  ^  „„>,,,,«.•  1  and  2  are  the 

- T^TTZZc.rm  nort:  T  is  tank  return  or  air  exnau»i.. 


Valves.  Air  or  Hydraulic. 
Two  Cylinder  Ports! . 


Oiraet'Acunq  Sonnq 

figure 


centered  Double  Solemnd  Valve. 


™o,-O0«««<  S=nn,  0O.W.  v.l... 


US.  ior3.Po.ivon  OouOie  SoiencV  v.ires. 
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Action  of  Double  Solenoid  Valve.  Figure  1-6.  The  illustrations  on  this  page  show  the  action  of  a  2- 
POSITION  douDle  solenoid  valve  in  oper?ting  a  standard  cylinder,  air  or  oil.  A  2-position  valve  is  said  to 
require  a  "momentary"  electrical  signal  for  its  operation.  Once  the  valve  spool  has  been  shifted  by  sole¬ 
noid  action,  irwill  remain  in  that  position,  even  though  the  solenoid  is  de-energized,  until  the  opposite 
solenoid  is  energized.  Most  valves  will  shift  reliably  on  a  signal  duration  as  short  as  1/1 0th  second. 


A.  Cylinder  extends  when  electric  pushbutton  on  the  left  is  pt.;3Md* 


Cvlinder 


B.  Cylinder  riitracts  when  elcctnc  pushbutton  on  the  right  is  pressed.* 


Part  A,  Figure  1-6.  When 
the  left  pushbutton,  1,  is 
momentarily  pressed,  the 
valve  spool  is  shifted  to  its 
opposite  position,  directing 
inlet  air  to  the  back  side  of 
the  cylinder  piston,  causing 
it  to  move  forward.  It  will 
continue  to  travel  until  it 
stalls  against  the  work  or 
against  its  front  end  cap. 

Part  B,  Figure  T-6.  Pressing 
the  pushbunon  on  the  right 
shifts  the  valve  spool  back 
toitsonginal  position, which 
directs  air  flow  into  the  rod 
end  of  the  cylinder.  The 
piston  retracts  until  reaching 
stall  against  its  rear  end  cap. 

Reversal  can  be  made  to 
take  place  at  any  point  in 
the  piston  stroke  while  the 
piston  is  traveling.  But  since 
the  valve  has  only  two  work¬ 
ing  positions,  there  is  no 
electrical  means  by  which 
the  piston  can  be  stopped 
at  any  intermediate  point 
in  its  travel. 

Design  Note:  All  spool- 
type  4-way  valves  should 
preferably  be  mounted  with 
spool  in  a  horizontal  plane 
tp  avoid  the  possibility  of 
self-shift  due  to  excess  flow 
or  vibration. 


FIGURE  1-6.  Pushbutton  Control  of  a  Cylinder  With  2-Position  Double  Solenoid  Valve. 


“Suine  branus  r  fioublc  solenoid  valves  may  have  referu  action:  Energizing  left  solenoid  may  cause  cylinder  to  rerracL 
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_ _  -tPo.-.™  nonhl.  SolMiold  PIM-  refer  ro  Figure  1-6.  Thar  ihusirat.on  may  also  be 

1-  a  T  POSITION  vatve  in  controlling  a  standard  double-acting  cylinder. 

energized  the  valve  sDool  will  become  centered  and  the  cylinder  will  stop. 

No»:  Some  brenO.  of  doubie  soierwid  vaive,  will  have  one  coil  burn  out  if  botb  cmis 
tne  same  time  and  if  due  condition  is  maintained  very  long  „3|„g  of 

r.r.rrda^rurb."rn::^=^^^  -  - 

noids  at  the  same  time.  Interlocking  circuits  are  shown  in  Chapter  8. 

2.  Directionai  Controi  Valves  -  3-Wav.  Single  Solenoid. 

Fluid  Power".  Sometimes  used  for  vacuum  control. 
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Sinqia  Soianoid 
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Air  In 


Above:  When  pushbutton  is  pressed,  vaive 
spool  shifts,  directing  fluid  pressure  behind  the 
cylinder  piston,  causing  it  to  move  forward. 


Right:  When  button  is  released,  valve  spool 
Tatums  to  original  position,  venting  cyiinaer 
piston  to  exhaust,  aiiowing  internal  spang  to 
return  cyiinaer  piston  to  normal  posidon. 


FIGURE  Action  of  r>  3-Way 
Valve  in  Controlling  a  Single- 
Acting,  Spring  Return  Cylinder. 
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Spool-type  3-wav  valves  are  usually  similar  in  appearance  and  construction  to  4-way  valves  of  the 
same  brand,  but  may  be  shorter  in  length.  From  most  manufacturers  they  are  available  only  in  single 
solenoid  models,  with  either  a  N.O.  (normally  open)  or  N.C.  (normally  closed)  configuration.  A  few 
manufacturers  may  offer  them  in  2-position  and  3-position  double  solenoid  models.  However,  most  ap¬ 
plications  for  3-way  valves  do  not  require  anythin^  more  elaborate  than  single  solenoid  action. 

When  3-way  action  is  needed  from  a  spool  valve  the  most  often-used  arrangement  is  to  use  a  standard 
4-way  spool  valve  and  install  a  plug  in  the  cylinder  port  which  is  not  used.  One  advantage  is  that  by 
choosing  the  correct  cylinder  port  to  use,  the  4'way  valve  may  be  made  into  either  a  N.O.  or  N.C.  3-way 
valve.  It  would  be  wise  to  check  valve  specifications  before  plugging  any  port  on  a  4-way  valve.  Some 
brands  may  have  packings  unseated  or  may  develop  spool  bind  if  ports  are  permanently  plugged. 


3.  Two-Way  Solenoid  Valves 


Figure  1-8.  Two-way  solenoid  valves  are  classed  as  "directional"  valves,  although  their  action  is  only  to 
open  and  close  by  solenoid  motivation.  They  are  used  to  start  and  stop  the  flow  of  fluids  — air,  oil,  water, 
etc.  Solenoid  operation  permits  them  to  be  controlled  from  a  remote  location,  or  allows  them  to  be  wired 
into  an  automatic  cyde  with  other  electrically  operated  equipment.  In  soecial  circuitry,  shown  later  in 
this  book,  they  can  be  used  in  groups  of  two,  three,  or  four  to  obtain  valving  flexibility  not  possible 
with  one  3-way  or  4-way  valve. 


B.  PopfMf-Tvpe  2-Wtay  Valve. 


I  CURE  1-8.  2-way,  3-way,  and  4‘way  vaives  may  be  cansovcted  to  operate  either  on 

the  poppet  or  siiding  spool  ptmctpie. 

Poppet  action  and  sliding  spool  action  are  the  two  modesof  construction  most  often  used  for  con¬ 
struction  of  directional  valves.  An  example  of  the  general  appearance  of  each  type  is  given  above.  Pop¬ 
pet  construction  is  most  popular  for  2-wav  valves,  and  is  also  used  extensively  for  3-wav  valves.  Spool 
action  IS  most  popular  for  oil  hydraulics  and  comoressed  air  4-way  valves.  Eiectrtcal  and  fluid  circuitry 
IS  cenerallv  the  same  for  valves  of  either  construction. 

Pn,  t  A  Figure  1-3.  2-Wav  Soool  Valves.  Most  manufacturers  offer  2-way  valves  with  only  single  sol - 
(rnoid  construction,  spring  return.  A  few  double  solenoid  models  having  two  positions  may  be  available. 
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Three-gosition  double^olenoid  2-vvay  valves  normally  are  not  available,  since  there  is  no  practical  use 
for  a  center  neutral  position  on  a  shut-off  valve;  it  is  either  open  or  closed. 

Part  S  •  Figure  1-8.  2-Way  Poppet  Valves.  Mounting  requirements  may  vary  with  the  brand  and  na¬ 
ture  of  the  valve.  Some  goppet  valves  are  constructed  so  they  can  be  mounted  in  any  position,  while 
others  must  be  mounted  with  the  solenoid  vertically  upward  in  order  to  function  properly  or  at  all.  If 
no  specific  mounting  information  is  available,  the  best  practice  is  always  to  mount  a  valve  of  this  type 
with  solenoid  up. 


A.  Nonnally  QoMd  (N.CJ  2-Way  Valva  Wllti  Spring  Offsat. 


Saetrie  Power  Una 


Air  In 

Out 

Air  In 


3^ 

1  1 

1  1 

Coil  Enargizaa; 

Valve  Flow  Stooped. 


Out 


8.  Normally  Open  (N.O.)  2-Way  Valve  With  Soring  Offset. 

FIGURE  1-9.  Examples  of  ttie  action  of  2-way  solenoid  valves  of  the  N.O.  (normally  open) 

and  N.C.  (normally  dosea)  types. 


Figure  1-9.  Action  of  2-Wav  Solenoid  Valves.  Two-way  valves  mav  be  either  N.C.  (normally  closed) 
or  N.O.  (normally  ooen).  This  nomenclature  refers  to  the  flow  passage  through  the  valve  wnen  its  sole¬ 
noid  is  oe-energized. 

Part  A  of  this  figure  snows  that  a  N.C.  valve,  when  oe-energi/ed,  biocKS  fluid  flow  through  it.  When 
energized,  fluid  will  flow  througn  it  in  the  direction  of  iniet  to  outlet  or  in  the  airection  of  the  flow  ar¬ 
row  marned  on  the  valve  body  (if  one  is  present).  Part  B  of  the  figure  snows  tnat  a  N.O.  valve,  wnen  ae- 
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energized,  will  pass  fluid  flow  in  the  direction  of  its  flow  arrow,  and  will  be  dosed  to  flow  when  ener¬ 
gized. 

Important  f*tote.  When  selecting  a  2  wav  poppet  valve  for  a  given  application  make  sure  you  under¬ 
stand  its  flow  characteristics.  There  are  important  variations  betwee.1  brands.  Some  of  them  will  permit 
reverse  flow  (similar  to  check  valve  action  I  even  when  they  are  dosed  to  flow  in  the  forward  direction. 
Some  will  not  pass  flow  at  all,  orwith  severe  restriction,  in  the  reverse  direction  even  wh-'n  they  are  open 
to  free  flow  in  the  forward  direction.  Some  have  large  connections  but  small  diameter  internal  orifices. 

Choice  of  a  N.O.  or  N.C.  2-way  valve  depends  on  the  fluid  action  desired  when  the  valve  is  energized. 
Sometimes  either  type  couid  be  used  if  tied  in  with  the  proper  electrical  contacts,  and  the  choice  may 
be  made  to  obtain  "fail-safe”  operation:  to  put  the  fluid  drcuit  in  a  safe  condition  if  an  electrical  failure 
should  occur.  In  most  applications  a  N.C.  valve  would  be  preferred,  as  it  would  dose,  cutting  off  the 
fluid  flow,  if  control  current  should  fail  or  a  solenoid  coil  should  bum  out.  A  notable  exception  is  sole¬ 
noid  venting  of  a  oump  relief  valve,  in  which  a  N.O.  valve  is  ordinarily  used.  In  case  of  electrical  failure, 
the  pump  would  be  unloaded.  See  Figure  5-4,  Page  95. 

Valve  type  may  also  be  selected  on  the  basis  of  length  of  its  on  and  off  periods.  A  type  is  selected 
which  requires  energization  over  the  minimum  length  of  time. 

4.  Poppet-Type  3-Way  Valves. 

Figure  1-8.  This  figure  may  also  be  used  to  illustrate  the  general  appearance  of  a  3-way  valve.  Such 
a  valve  will,  of  course,  have  three  main  ports.  Electrical  circuitry  for  3-way  poppet  valves  is  the  same  as 
has  been  discussed  for  sliding  spool  3-way  valves.  See  Figure  1-7. 

5.  Directional  Control  Valves  —  5-Way. 

Ordinarily  used  only  on  compressed  air,  seldom  on  hydraulics.  Their  appearance  may  be  identical  to 
that  of  a  4.way  of  the  same  brand.  They  are  constructed  to  have  two  pressure  inlets,  two  cylinder  ports, 
and  one  exhaust  port.  Their  purpose  is  to  operate  a  double-acting  cylinder  from  a  different  level  of  in¬ 
put  pressure  in  each  direction.  Many  brands  of  dual  exhaust  air  valves  are  suitable  for  5-way  service  by 
reversing  their  inlet  and  exhaust  connections,  using  the  dual  exhaust  ports  for  dual  inlet  ports,  and  the 
single  inlet  port  for  a  single  exhaust  port.  For  further  description  of  5-way  valves  and  their  applications, 
see  "Industrial  Fluid  Power  —  Volume  I"*,  Chapter  4. 

Electrical  circuitry  for  operation  of  5-way  valves  is  the  same  as  would  be  used  for  4-way  valves  of  the 
same  type. 

6.  Orienting  Cylinder  Oirection  with  Valve  Position. 


If,  after  making  an  installation,  the  cylinder  moves  in  the  wrong  direction  in  response  to  a  given  elec¬ 
trical  signal,  its  motion  can  be  re-oriented  in  relation  to  the  electrical  circuit  as  follows: 

On  double  solenoid  valves,  interchange  fluid  connections  either  at  the  valve  or  at  the  cylinder  ports, 
or,  interchange  wiring  to  the  two  solenoid  coils. 

On  single  solenoid  valves,  interchange  fluid  connections  at  the  valve  or  the  cylinder  ports. 

On  3-way  valves  operating  a  single-acting  cylinder,  the  normal  porting  of  the  valve  must  be  changed. 

If  a  N.O.  valve  change  to  N.C.,  etc.  When  using  a  4-wav  valve  in  3-wav  service  this  Is  accomplished  by  con¬ 
necting  cviinaer  line  to  opposite  cyiinoer  port  on  the  valve,  while  plugging  the  original  cylinoer  port. 

*  Textbook  uvatiabie  from  WoinacK  Educanonal  Pubiicaitons. 
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niRIiCTIONS: 

rill-;  PijRPosr.  oi-  this  mxam  is  to  nf:Ti;RMTNi;  i\hi;tiii-.r  or  not  you  iiavi; 
IJNDliRSTOOn  nir.  INFOI^MATION  on  fluid  components  of  robotic _ 

systems. 


F.ach  of  the  questions  or  incomplete  statements  below  is  followed  by 
several  words,  phrases,  or  a  series  of  numbers.  Choose  the  one  which 
best  answers  the  question  or  completes  the  statement  correctly.  Place 
the  letter  associated  with  that  choice  (A,B,C  or  D)  in  the  numbered 
blank  space  on  your  ANSWHR  SHFF.T.  DO  NOT  WRITE  ON  THIS  TEST!!!  To 

master  this  e.xam  you  must  answer  _  out  of  _ 

items  correctly,  iOO  ”3, 


Program 

Task 

Page  ^ 

\^17. 1002 

212 

13  J 

EVALUATION  SHEET 


1.  Draw  the  graphic  symbol  for  a  solenoid  operated  4-way  valve. 


2.  Draw  the  graphic  symbol  for  a  double  acting  solenoid  4-way  valve. 


3.  Identify  the  action  of  a  2-way  valve. 


4.  The  main  difference  between  air  and  hydraulic  circuits  is 


Program 

Task 

Page  ^ 

17.1002 

212 

14  J 

INTERMEDIATE  OBJECTIVE 

Identify  common  electrical  sensors. 


LEARNING  STEPS  (Activities) 

1.  Read  the  information  sheet  cited  in 
Resource  #1  to  identify  the  electrical 
components  of  a  robotic  system. 

2.  Perform  self  help  quiz  identified  in 
Resource  ^2  to  assure  your  mastery  of 
the  subj  ect . 


3.  Complete  the  criterion  exam  for  the 
terminal  performance  objective. 


RESOURCES 

1.  Information  Sheet  #2  starts  on  page  16. 


2.  Self-help  quiz  #2  begins  on  page 


3.  See  your  instructor*  ifet^the  needed 
TPO  exam.  — 
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COMMON  ELECTRICAL  SENSORS  (SWITCHES) 


in  the  descriptions  of  switches  and  other  electricci  components  to  follow  we  have  tried  to  give 
brief  and  very  general  description  of  the  most  impcrrant  components  that  are  useful 
fluid  power.  Because  of  the  wide  variety  of  such  components  on  the  market  we  recommend  the  student 
or  designer  obtain  amplified  descriptions  from  electrical  catalogs.  Appearance  of 

widely  from  the  sketches  shown  here,  according  to  brand,  and  it  is  beyond  the  scope  of  this  text  to  pro 
vide  a  comprehensive  description  of  all  components  available. 


1.  Definition  of  a  Sensor. 

The  context  in  which  the  term  "sensor”  Is  used  in  this  book  includes  any  device  which  produces  an 
electrical  switching  signal,  triggered  by  some  action  of  the  fluio  circuit.  Three  distinct  classes 
are  commonly  used:  (a).  Switches  which  produce  a  sv.-itching  signal  when  mechanically  actuated  by  a 
moving  part  of  a  fluid  cylinder  or  other  machine  member.  Various  types  of  limit  switches  fall  into  this 
category,  (b).  Pressure  switches  which  give  a  switching  signal  in  response  to  a  rise  or  fall  of  fluid  pressure 
in  a  pipe.  Most  of  these  are  adjustable,  allowing  them  to  be  pre-set  to  switch  precisely  at  a  given  pressure 
level,  {cl.  Manually  operated  switches  actuated  by  an  operator,  such  as  pushbuttons  and  foot  switches. 
CartBin  other  sensors  are  available  such  as  photoelectric,  sonic,  proximity,  etc,,  but  are  less  often  used 
in  fluid  power  applicabons. 


2.  Duty  Rating  of  Switches. 

From  past  experience  it  has  been  found  that  switcnes  are  otten  the  first  point  of  breakdown  in  an 
electrically  controlled  machine;  it  is  very  important  to  select  them  accoroing  to  the  duty  expected  of 
them.  The  use  of  low  priced,  non^osed.  light-duty  switches  can  only  be  justified  m  those  applica¬ 
tions  where  operation  will  be  infrequent  and  where  there  is  no  danger  of  contamination  from  water  or 
oil  or  where  switch  cost  is  a  very  important  factor.  Good  switches  add  to  the  original  cost  but  will  pay 
for  themselves  many  bmes  over  with  their  long  life  and  reliable  operation.  When  selecting  switches  for 
machines  operating  on  a  continuous  basis,  where  an  electrical  breakdown  would  be  costly,  the  heavy- 
duty  industrial  type  should  always  be  used.  It  is  best  to  obtain  the  advice  of  your  electrical  distributor 
as  to  the  quality  of  switch  to  be  purchased  according  to  the  lire  expectancy  of  the  macnine  on  wnich 

it  will  be  used. 

But  even  switches  of  the  highest  quality  will  not  give  reliable  service  unless  properly  mounted,  and  ac¬ 
tuated  with  carefully  designed  cams.  The  main  points  to  be  ooserved  are. 

(a).  Machine  cams  which  actuate  the  switch  should  be  designed  so  thev  contact  the  switch  roller  at  the 
pr^r  angle,  and  for  hign  speed  operation  their  leading  eons  snould  be  shaped  to  give  uniform  accelera¬ 
tion  to  the  switch  arm.  Cams  which  override  the  sw-ch  arm  snould  be  aesigned  so  the  switch  arm  cannot 

snao  back  freely.  See  Page  1 15  for  detailed  information. 

;b).  It  almost  goes  without  saying  that  a  switch  should  be  mounteo  so  it  will  be  protected  from  phy¬ 
sical  damage  if  a  cylinder  snould  get  out  of  control  and  overn..e  it. 

(c).  Switches  should  not  be  operated  beyond  the  normal  recommended  travel  of  the  actuator  arm. 

This  causes  added  internal  stress  whicn  shortens  the  s-ivitch  lire. 
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”*  Standard  Limit  Swixcn  Sensors.  Figura  1-10, 

Limit  switch  types  are  not  limited  to  those  shown  in  this  figure.  A  complete  catalog  of  electrical 
switches  should  be -consulted  for  selectina  the  types  of  actuator  most  convenient  for  a  given  installation. 

.  Pa.-t  A.  Figure  l-IQ.  The  basic  snap-action  switch  is  available  with  many  different  actuators,  and  is 
relatively  inexpensive.  It  is  intended  for  light  duty  service  in  a  protected  environmerrt.  Aii.hough  the 
switch  contacts  are  enclosed,  they  are  not  sealed  against  entry  of  water  and  oil,  and  the  electric  termi¬ 
nals  ars  exposed.  For  hydraulic  fluid  power  the  basic  switch  is  primarily  useful  on  experimental  or  tem¬ 
porary  set-ups,  but  seldom  suitable  on  permanent,  heavy-duty  installations. 


A.  Basic  light-dsty  switch,  non- 
enciosed,  with  roiior  actuator. 


B.  Litht-duty  switch  in  iir-j-ecnv* 
housing.  Pin  actuator  iilustiattd. 


C.  Light-duty  switch  in  protective 
housing.  Roller  aetuetor  illustreted. 


0.  Heavy-duty  •ndustriei  type  limit 
switch  illustreted  with  roiler  arm 
aetuetor. 


FIGURE  UW.  Examples  of  Limit  Switches  Having  Standard 
Action  with  Spring  Returned  Contacts. 


Pam  8  and  C.  Figufe  1-10.  The  l.’.‘:nt-dutv  basic  switch  eiement  issuoplied  with  several  different  ac¬ 
tuators  in  a  water  ana  oii-tujnt  unelo'^ure.  The  electrical  terminals  as  well  as  the  contacts  are  comolete- 
ly  protected.  This  rnsKcs  :l  LnyironmircrGllY  suitable  for  most  fluid  power  installations.  The  classifica¬ 
tion  of  'Might-dutv  "  For  thtry  iwifci'“s  does  not  infer  they  are  inferior  in  Quality.  They  are  soecificaily 
designeo  for  a  goccl  bjlano^  bc^r  /een  -csi  and  contact  service.  Their  best  aopiication  is  on  those  instal¬ 
lations  subjected  co  a  monhi.irc  numMr  of  switching  cycles,  and  wnere  the  occasional  replacement  of 
a  switen  is  not  a;iv  problem.  Liza  n-,u/  aisc  be  a  factor. 


PartP,  Fioii.-e  f-10.  Heavv-cuty  inuustriai  limit  sv.'itches  should  be  used  on  machines  where  the  ut¬ 
most  in  reliabilitv  ;s  impijr'.  -rit:  'vre-s  o  breaKoown  m  a  switch  would  be  costly  from  the  standpoint 
of  lost  production  time.  Ti-.r-s  s-.v;‘.:n;?z  :,rz  (.onsiaeraDly  more  exoensive  than  the  light-duty 

switches.  They  are  also  la.'t  •vr.ic.-.  rnay  crss?nt  .mounting  proolem  wnere  space  is  limited.  The  de¬ 
signer  must  weicn  advanitg'-s  iur-i.'st  oishcvarrs  •i.r  n  'tolecting  switches  most  suitable  for  a  given  ma- 
cnine.  Plug-in  switcnss  are  hich  c3~  •?  j  vjxly  reolacea  bv  removing  only  two  screws. 

CAUTION!  LiiTiir  s'.vitc.tGS  ..n.tjiM  Always  I'.t  '':a‘T  m  suen  s  manner  that  they  cannot  be  dam- 
ageo  if  tne  maenme  snou-c  "cc’cic-niaiiy  overt;  a'  -i  cn  mignt  haonen  if  a  solenoia  coil  should  burn 
out  or  ir  control  current  S""  ;td  FaH.  Twitch  n'cu’. hracxets  snouio  be  aesiqneo  to  allow  an  adjust¬ 
ment  m  switcn  uositioninn. 
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4.  Limit  Switch  Contacts  and  TarminologY^ 


nmnpr  wav  of  drawing  limit  switch  co^Tflcts  on  sche* 
The  diagrams  in  the  chart  on  this  page  nrovide  important  information  on  s>,v.  t,rh  action  and 

™.IC  diagrBn«.  When  propehy  dnh.n,  **«;"“'*  a  mein,  cam  wc,..  a,ain«  thia 

wpa.  An  imppran,  due  is  tha.spiid  trianpi.  Cpm.,  SPST,  SPD  e„.,  may 

surface  tn  optn  or  dpsa  tfle  cpntacts.  idemifyin,  the  cpmact  at  „on.  Abbro- 

be  pieced  adiacant  tc  the  cpntacts  fnr  ^  foilowio,,  it  indicates 

datipn.  are  datined  in  the  chdt.  if  the  aLatPr. 

two  seoarate  sets  of  switch  contacts  in  the  same  housing  witn 
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Switch  contacts  which  have  a  return  spring  are  said  to  be  in  their  "normal"  state  when  not  mechani* 
caily  actuated.  Contacts  should  always  be  drawn  in  thetr  normal  state  on  diagrams  except  when  a  cam 
is  holding  them  abated  during  a  standby  period  or  between  cycles.  Examples  will  be  found  on  diagrams 
in  'his  book  showing  a  switch  in  actuated  condition  where  a  cylinder,  returning  to  home  position,  ends 
the  cycle  by  "standing"  on  the  switch.  As  soon  as  •he  cylinder  has  moved  a  short  distance  from  home 
position  the  switch  can-return  to  its  normal  stats. 

in  Figure  1-11,  Part  A,  for  example,  the  symbol  for  N.O.  (normally  open)  switch  is  shown  as  it  would 
usually  be  drawn.  But  if  it  is  held  in  an  actuated  condition  at  the  end  of  a  cycle,  it  should  be  drawn  as 
indicated  in  Part  B  of  the  illustration. 

If  switch  contacts  must  be  actuated  in  both  directions,  as  for  example  a  toggle-type,  over-center 
switch,  there  is  no  "normal"  position  for  the  contacts.  Or.  the  schematic,  they  should  be  drawn  in  the 
state  they  will  be  in  at  the  end  of  a  cycle.  Their  terminals  may  be  unmarked  on  the  switch  exceot  for 
the  common  terminal,  and  terminals  on  the  drawing  should  likewise  be  left  unmarked.  Part  G  of  the 
drawing  is  an  example  of  such  a  switch. 

Little  used  but  sometimes  available  are  OPOT  (double  pole,  double  throw)  switches  having  two  in¬ 
dependent  sets  of  transfer  type  contacts  in  the  same  housing,  operated  by  the  same  actuator. 


FIGURE  U12. 
Standard  Limit  Switch 
Fitted  iVith  Qne-^ay 
RoUer  Actuator. 


5.  One-Way  Roller  Limit  Switch. 

Figure  1-12.  An  example  of  a  norvenclosed  limit  switcn  having  a  one¬ 
way  roller  actuator.  The  actuator  arm  has  a  knee  joint  which  folds  out  of 
the  way  of  a  machine  cam  approaching  from  the  left  without  actuating 
the  switch  contacts.  But  when  a  cam  approaches  from  the  rignt,  the  knee 
joint  does  not  bend,  and  the  switch  contacts  are  actuated. 

This  one-way  action  is  useful  on  switches  to  be  actuated  at  an  inter¬ 
mediate  point  in  a  cylinder  stroke.  The  retuming*cam  can  pass  over  the 
switch  without  producing  a  second,  and  unwanted  signal. 
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FIGURE  1-13.  A  soring  loaded  machine  cam 
can  ae  construcrea  to  have  a  1-way  action  on 
a  stanaara  limit  switch. 


Light-duty  actuators  of  this  type  should  be 
used  at  machine  soeeos  of  less  than  50  feet  per 
minute  to  obtain  reasonable  life.  The  snaoe  of 
actuating  cams  should  follow  the  recommen¬ 
dations  on  Pages  1 14  to  116. 

Heavy-duty  inoustrial  limit  switches  mav 
be  purchaseo  with  a  partial  roller  rotational ly 
spring  loaded,  which  gives  the  same  one-way 
action  described  above.  Or,  a  stanoard  limit 
switch  may  be  used,  operated  with  a  spring- 
loaded  or  gravity  return  dog  hinged  to  the 
moving  machine  member.  Figure  1-13. 

In  this  illustration,  the  oog,  wnen  traveling 
towaro  the  rignt  will  actuate  the  cwitcn  con¬ 
tacts.  but  wnen  traveling  towaro  the  left,  wiil 
fold  out  of  the  way. 

Funner  details  of  one-wav  roller  action  will 
be  founo  on  Pages  1 1 5  ana  1 1 6. 
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Impulse  Limit  Switches  Help  Solve  Difficult  Circuit  Problems 


E 


Pr^Tri*«4 
ON 
Off 


Aedon  of  Impulsa  Swiitcti 


FIGURE  1-14. 

A  special  limit  switch 
with  one-way  impulse  ac¬ 
tion  win  sometimes  help 
solve  an  otherwise  diffi¬ 
cult  circuitry  problem. 


Enclosed  Impulse  Switch 
6.  Impulse  Limit  Switch. 

Fiqura  1-14.  The  one-way  impulse  switch  illustrated  above  is  a  spectai  switch  available  to  the  de- 
signerfor  simplifying  difficult  circuit  problems.  Where  applicable,  it  can  eliminate  holding  relays  and 
their  associated  wiring.  However,  i*  is  subject  to  certain  limitations  described  below,  and  can  only  be 
used  in  circuits  especially  designed  for  it. 

The  action  is  as  follows:  A  switching  signal  is  produced  only  while  the  plunger  is  traveling  inward. 
Signal  cuts  off  as  the  end  of  the  plunger  travel  is  reached,  and  remains  off  during  return  travel.  Usually 
has  one  set  of  "transfer"  contacts  with  one  N.O.  and  one  N.C.  circuit.  To  illustrate  the  action,  as  soon 
as  the  plunger  starts  its  inward  travel  the  N.O.  contacts  dose  and  remain  dosed  until  full  inward  travel 
has  been  completed.  These  contacts  then  open  and  remain  open  as  long  as  the  plunger  remains  depressed. 
They  also  remain  open  during  return  travel  and  when  the  plunger  is  released  and  returns  by  internal 
spring  force.  Thus,  a  short  duration  "make"  is  produced  on  the  N.O.  switch  terminal  and  a  short  dura¬ 
tion  "break"  on  the  N.C.  terminal. 

Switch  Limitations.  The  faster  its  stem  is  actuated  the  shorter  the  switching  impulse.  On  high  speed 
mechanisms  the  impulse  may  beso  short  asto  be  unreliable  for  shifting  a  fluid  power  valve.  Normally,  50 
feet  per  minute  is  the  maximum  actuatipn  speed,  although  operation  may  be  successful  up  to  100  feet 
per  minute.  If  machine  travel  is  too  fast  for  an  impulse  switch,  the  solid  state  impulse  circuit  in  Chap¬ 
ter  6  may  be  used,  or  standard  components  and  circuitry  can  be  used.  Any  control  function  possible 
with  impulse  switches  can  be  duplicated  with  standard  components  by  adding  holding  relays. 

Mounting  is  critical.  The  switch  must  be  accurately  positioned  to  within  1/64th  of  an  inch.  The  trav¬ 
eling  mechanism  must  carry  the  stem  to  full  depth  in  order  to  cut  off  the  switching  signal,  but  must  not 
overtravel  far  enough  to  damage  the  switch.  Impulse  switches  should  never  be  used  on  loose,  non-pre¬ 
cision  mechanisms  which  might  not  stop  precisely  at  the  same  place  every  time. 


Pmwra  Adiustitient  Pressure  Inlet 


7.  Pressure  Switch  Sensors. 

Figure  1-15.  A  pressure  switch  is  teed  into  the  fluid 
line,  whicr.  may  be  air,  hydraulic,  or  vacuum.  Its  work¬ 
ing  element  responds  to  a  rise  or  fall  of  fluid  pressure  to 
open  or  close  a  set  of  electrical  contacts  when  a  certain 
pressure  level  is  reached.  Most  pressure  switches  are 
adjustable  over  a  limitea  range  of  fluid  pressure,  and 
may  be  purchased  for  the  range  desired. 

The  pressure  sensing  eiement  is  often  a  Bourdon  tube, 
similar  to  that  used  in  some  pressure  gauges.  It  is  a  curled 
tube  of  bronze,  steel,  or  stainless  steel,  dosed  at  one  end. 


FIGURE  1-15.  Bourdon  Tuoe 


Pressure  Switch. 
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into  which  fluid  pressure  is  introduced.  Internal  fluid  pressure  tends  to  "uncurl"  the  tube.  This  uncurl¬ 
ing  movement  is  linked  to  a  set  of  contacts.  Other  sensing  elements  may  alsobeused,  asasoring-loaded 
bellows  of  brass,  bronze,  steel,  or  stainless  steel  for  low  pressure  ranges,  or  a  spring  loaded  piston  for 
high  pressure  ranges.  .And  for  very  high  pressure  ranges,  two  spring  loaded  pistons  of  slightly  different 
areas  produce  opposing  forces.  The  low  range  rrsuitant  force  from  these  pistons  is  applied  to  a  sensing 
mechanism  operating  a  set  of  electrical  contacts. 


Prwjure 

Switeft 


Cylinder 


A.  To  Same  Coed  Build-Up 
on  Cylinder. 


FIGURE  7-16.  Examples  of  Pressure  Switch  Applications. 


Figure  1-16.  Pressure  switches  may  be  installed  in  various  parts  of  a  fluid  system  to  produce  an  eiec- 
tncal  switching  signal  in  response  to  a  rise  or  fall  in  fluid  pressure.  One  of  the  most  useful  applications 
is  shown  in  Part  A.  The  pressure  switch,  of  suitable  range,  is  teed  into  a  cylinder  line  to  give  a  switch¬ 
ing  signal  when  load  against  the  cylinder  piston  has  caused  fluid  pressure  behind  the  piston  to  rise  to 
the  adjustment  setting  of  the  pressure  switch.  This  switching  signal  can  Pe  used  to  reverse  the  cylinder 
travel  or  to  start  a  second  action  in  an  automatic  cycle. 

In  Part  B,  a  vacuum  switch  is  teed  into  the  inlet  (sucnoni  side  of  a  hydraulic  pump.  Its  contacts  may 
be  tied  into  an  electric  warning  signal  if  pump  suction  should  rise  to  a  dangerous  level  due  to  build¬ 
up  of  dirt  on  the  inlet  strainer.  Other  examples  of  pressure  switch  use  are  shown  in  later  chapters. 

T erminoloqy.  Switching  contacts  in  a  pressure  switch  are  sometimes  called  "make-on-rise"  or  "breax- 
on-rise".  These  terms  describe  switch  action  as  fluid  pressure  increases.  Comparing  this  terminology 
with  that  of  limit  switches,  "make-on-rise"  is  equivalent  to  N.O.  (normally  open),  and  "break-on-rise  ' 

IS  equivalent  to  N.C.  (normally  closed). 


8.  Toggle-Type  Switches. 

Toggle  action,  as  applied  to  switches,  may  be  described  as  an  over-center  snao  action  that  raoioly 
opens  or  closes  a  set  of  contacts.  It  further  implies  that  there  is  no  return  spring;  the  contacts  must  be 
mechanicallv  actuated  from  one  position  to  the  other.  They  do  not  have  a  "normal"  state  to  whicn 
they  return  by  spring  force  after  external  actuating  force  has  been  removed. 

Several  terms  are  used  to  describe  this  kind  of  switch  action:  "  FliD-floo"Is  used  in  fluidics  to  de¬ 
scribe  a  similar  action.  "Maintained"  action  is  another  term  frequently  useo. 

Figure  1-17.  Several  types  of  "toggle"  or  "maintained"  action  switches  are  available  for  electrical 
control  of  fluid  power.  Part  A  shows  a  miniature  switch  aesigned  for  finger  ooeration,  usually  to  be 
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A.  Rnqir^peraud 
Miniatur*  Toggle 


Fitted  With  Fork  Lever  Actuator  Arm. 


^GURB  U17.  Exampies  Of  Switches  Having  "MainTained"  or  "Toggie-Type"  Action. 

T*'-  actuation  by  a  moving  cam.  sub- 

^  'ater  Chapter.  Page  58.  and  must  be  protected  aoa.nst 
overrun  by  the  cylinder.  Its  use  as  a  cam  actuated  switch  should  be  limited  to  liant  duty  and  experimen- 
tal  applications,  as  it  is  not  built  ruggedly  enough  to  stand  up  long  in  this  service.  True  toagle  switches 

•  S-„3r  aw'rra  “■ 

a«|^..  havmgacantar  n«,tral,  ana  ,ne»  usually  navaaouDle  toggle  aeon,  or  simoly  a  tonng  loaOeO 

eoclosure.  Two  stems,  one  on  too  the  othe'  on 
conta^  the  contacts  from  one  position  to  the  other.  There  is  no  internal  return  spring  The 

°°Pos>te  stem 

shifts  them  to  their  other  position. 

swiS^  wnl«  '’“T  3  actuator  arm.  The  oasic 

fontTesLr  aml^^  iri'n  7“ ™  =“""9  return.  The  most  often  useo 
a^J^  h  n  7  ““  “‘"’“ite  sioas  of  the  lever.  Sacn  roller  is 

^ateo  by  a  different  cam  on  the  macnine.  This  is  known  as  an  -offsef  type  of  fork  le-rer  An  alter- 

we  fork  layer  IS  ayailable  with  both  rollers  mounted  on  the  same  side  of  the  lever,  ano  may  be  useo  on 
the  fork  lever  switch  may  be  used.  -  inuw  now 


9-  Foot  Operated  Switches. 

haTHho’^'  *7”  '  actuated  by  an  operator  s  foot  knee 

actuationri7  *«Tal  ooerating  arrangements  mciuoing:  lal  tooi 

«uat  on  with  soring  return,  either  N.O.,  N.C..  or  transfer  contacts:  (bl,  with  peoal  hince-  at  the  cen- 

.  thT^™"  ”  7“"'"’  '='•  “"'=9t  sets  at  different  depths  of 

end  .Tllsl  a  J77T  .7'"'"'  ""  ““al  Is  pressed  further,  the  sec- 

et  isalso  actuated.  Ugnt  duty  switches  of  this  genwal  type  ere  not  usually  seaieo:  they  are  orimar- 
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A.  Li^ht-Outy  Poot  SvMteh  in 
Open-Typ*  Hnning. 


B,  UqlK'Outy  Swntch  Sammt 
EndoMd  in  Wnartight  Hointnq. 


C.  HMvyOuty  Indunhal  Pooc 
SvMteli  With  To*  Guard  &  Latch. 


FtGURE  1-18.  Examples  of  Foot  Operated  Switches. 


iiy  for  portable  use,  and  are  connected  to  the  main  control  box  with  rubber  covered  cord  or  flexible 
cable. 


Parc  S  illustrates  one  brand  of  light  duty  switching  element  enclosed  in  a  ruggedly  constructed  iron 
housing  scaled  against  entry  of  water  and  oil.  Available  with  or  without  a  guard  to  safeguard  against  ac¬ 
tuation  by  a  falling  object.  Enclosed  switches  usually  have  an  electrical  conduit  connection  sealed  for 
permanent  installation,  but  may  be  installedforportableuseby  using  a  waterproof  cable  properly  sealed 
at  the  conduit  opening. 

Hea’A'  duty  n^odsls.  Part  C.  have  rugged  frame,  usually  cast  iron,  to  resist  a  considerable  amount  of 
abuse.  Srn:c.b:n.-  eiiments  have  a  high  amperage  rating  and  are  completely  enclosed  against  entry  of 
dirt,  water,  and  oii.  They  may  be  obtained  with  or  without  toe  guard  and  with  or  without  latch.  Latch 
locks  trear.!.s  pov/n  after  it  is  depressed.  Foot  pressure  on  the  latch  lever  unlocks  the  treadle.  Some 
latching  switches  unlock  by  pressing  the  treadle  a  second  time.  Wiring  is  through  a  conduit  connection. 


A.  Indi;?;!!-!  F'Jiilbunon  for 
Panel  I'/iOMnnng. 


B.  i''iomentary  Pushbutton 
in  Enclosure. 


C.  IVIomentarv  or  Maintained 
Pushbutton  m  Enclosure. 


FI G URE  I  -19.  b.<:-:mnies  of  Elsctncal  Pusnbuttons. 


to.  SiectTiciii  ^-i<.'.uttons. 

Figure  '-VJ.  '  -rt  A  pictures  an  incusTru!  '■nomcntiirv  ousRPutton  designed  fnr  mounting  in  a 
control  ccns.i'T  Tins  illustration  snows  c  s...s  ’  -p  of  two  sections  yivmg  a  total  or  four  inoeoendent 
sets  01  cent:.  :,  cnoice  of  N.O.  or  I'l.C.  Ti.  ;..'  "  type  conrrcis  are  maae  by  comoining  one  N.O.  ana 
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one  N  C.  set  of  ecu-:,,  s  --.v  re..or....|e  nu.roer  of  sections  can  be  stacked  together,  although  the  re- 
n  liren  ooeratin-  'o-  t:ie  nutr.oef  of  sections  stacked.  In  fluid  power  control,  except  on 

extrer^eiv  involve;:  o  ,-v.  saldoc  ^.ore  t-an  one  section  is  required.  Push  knobs  can  be  obtained  m 
several  colors  for  ^  I"  c-...c'  coding;  •.•rr.e  orcr.cis  can  be  purchased  with  lighted  buttons.  A  choice  of 
knoDS  is  also  avo.la.  ■ .  c:..  i-ngii  ,...:reter  -nmiature  knobs  to  large  diameter  mushroom  knobs.  A  fur¬ 
ther  choice  IS  wit*-  !;:  v  to  orev  .nt  urauinorized  operation. 

In  Part  B  indiv.cu^-.  t-M-.losures  .c.i  be  *.-.eci  for  pusnbuttons  which  are  not  part  of  a  control  console. 
The  picuirec  :  A  a:--  -uunted  in  enclosures  designed  for  one  to  four  or  more  buttons. 

Part  C  Pushbut-or  i.ii;  ■  . -c  cf  ‘'.vo  types:  Momentary  buttons,  each  button  with  spring  return  for 
sucT^tions  as  'ror.-  :r.l  -  Reve.-ca",  'Uo  -  Down”,  "Start  -  Stop",  and  others,  and  maintained  but¬ 
tons  which  are  mecnan-c-rv  mtencuked  one  «-:th  the  other.  Pressing  one  button  ^ , 

latching  and  releas-r.g  oppr.o.rc  •  .ttoiv  Electrical  circuitry  is  often  muen  simpler  with  marntained.  _ 
mechanically  interioc.s-1  bu::o.-.s.  if.entrtsry  buttons  have  the  advantage  of  remote  control  cap¬ 


ability  from  several  coruro,  point;. 


•1  Switches. 


FIGURE  1-20.  Industrial  Rorary  iJ'.vicch. 


Figure  1-20.  For  electrical  control  consoles  this  type 
of  rotary  switch  is  normally  used.  It  is  a'.'aiiable  in  2-po- 
sition  and  3-oosition  models  and  with  any  reasonable  num- 
oer  of  contact  sets  by  stacking  sections  on  the  basic  switch. 
Tne  illustration  pictures  a  3-sectibn  stack.  A  choice  is  of¬ 
fered  of  2-position,  spring  return,  3-position  spring  cen¬ 
tered  or  detented.  Available  also  v'ith  key  lock. 

'A^ere  the  above  switch  is  not  adequate,  rotary  s'witches 
‘or  the  electronic  industry  are  available  with  up  to  25  or 
more  rotary  positions. 


FfGURE  1-21.  IndiccTor  Lamos. 


12.  Indicator  Lamos. 

An  indicator  lamo  oermanently 
wired  across  eacn  solenoid  valve  coil 
provides  the  trouolesnooter  with  a 
quick  means  of  pinoointing  trouble 
in  event  of  an  electrical  breakdown. 
If  mounted  on  an  operator's  panel 
they  snould  be  mounted  in  order  of 
their  actuation.  Since  they  are  not  a 
functional  part  of  the  electrical  cir¬ 
cuit,  their  addition  is  left  to  the  ais- 
cretion  of  the  designer. 


On  spring  centered  and  spring  return  solenoio  valves,  the  lamos  may  be  wired  directly  a.TOSS  eacn 
solenoid  coil.  For  addit.on  to  momentar/  typa  2-position  valves,  see  Page  133. 

Most  hyoraulic  valve  manufacturers  can  now  supply  their  solenoid  valves  with  inoicator  lamos  bunt 
into  the  solenoid  assemoiy.  This  feature  costs  a  linle  extra  wnen  the  valves  are  purenaseo  but  is  valuable 
as  a  troubleshooting  aid  to  ouickly  oetermine  wnether  or  not  the  electneal  circuit  is  worxing. 
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R  ELECTRICAL  COMPONENTS 


In  this  section  we  have  .'.ejected  for  description  a  few  of  the  many  electrical  devices  available  to 
the  circuit  designer.  Those  ss;2.::sd  are  the  ones  most  often  used  in  electrical  control  of  fluid  power. 
They  are  available  from  many  sources  and  may  sometimes  vary  in  physical  size  and  appearance  from 
the  illustiations  shewn;  while  stiil  hff/ing  identic*'  electrical  action. 


1.  Relay. 

A  relav  consists  of  an  elsc'jomacnet  with  a  moving  armature.  One  or  more  sets  of  electrical  contacn 
are  actuated  by  closure  of  the  armature  as  the  relay  coil  is  energized.  These  contacts  are  said  to  be  in 
their  "normal”  state  when  th'j  m.aqnct  coil  is  de-energized,  and  in  their  "actuated"  state  when  the  coil 
is  energizeo. 


Iron 


FIGURE  i-ZIA.  E^octnr...,  Ehown  FtGURE  1-22B.  Samoreiay  with  coU 

Vtirh  CoH  oo-s-  .  v.vv.rc>c/.  energized.  Contacts  have  changed  position. 

Types  of  Relay  Contacts.  inc!u::trial  relays  having  heavy-duty  contacts  are  usually  furnished  with  only 
two  types  of  contacts  —  norms'ly  o'.i.n  ann  normally  ciosea.  Several  sets  of  either  type  can  be  mounted 
on  one  coil  and  armature  struciu.-e.  f-'roper  marKing  of  coil  and  contacts  is  shown  on  Page  32. 


Com. 

M.C. 


When  rr 


Iron 

Cora 


helav 

Coil 


ture  svrr.L'" 
matic  svn; 
and  a  cit 


^j.-rmally  Open  (M.C.)  Contacts 
,0  rriiav  coil  is  enernizeo,  tne  contacts  dose.  Ptc- 
'■■r  rsiay  is  shown  to  the  ‘e't,  standard  sche¬ 
me!  "c  M'.e  ngnt.  .vitn  a  c:rc:.'  for  the-  coil  magnet 
•..r  ca.'.Mei  bars  reoresentmo  N.O.  contacts. 


Contact  ON.C. 

)Com. 


'**  rmally  Closeo  <M.C.)  Cuptacts 
When  the  .IV  coii  is  energize-.i.  ..ontacts  ooen. 

Stanoaro  svrr.cci  for  schematic  ciatirsM  s  c  cnown  to  the 
right.  Aitr.  c  cir'.i  >  for  the  coil  maqne''  ’"-i  3  r.at  of  parallel 
bars  with  ■  n  showing  the  cc.ntc—v  ..i  M.C.  type. 


Contact: 


O  N.O. 


.Ralav 

Coii 


Transfer  i  voe  Con^-. 

Tnnsrs'  t'- — :  contacts  nave  sinr.:.  , 
cctlon.  .Vh'l:’  ■.  nicble  on  seme  reiav j. 
on  cn  ir.v..;sc.';  il  relay  bv  comoinirn 
N.C.  set  n:  connets  as  snown  in  the  'j 


■  ^’jule  throw 
nonstrucTsa 
set  with  3 
n-  -C)  the  riciht. 


< _  y 
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2.  Reiay  Applications. 

Tha  designer  should  use  good  judgement  in  choosing  relays  for  a  control  circuit,  according  to  the 
duty  expected  of  them.  The  sharp  impact  of  the  relay  armature  tends  to  be  destructive,  so  any  relay 
will  have  a  definite  life  expectancy.  Light-duty  relays,  with  their  economy  of  first  cost,  may  be  a  wise 
choice  for  experimental  circuitry  and  possibly  on  machines  which  are  operated  very  occasionally.  But 
on  industrial  machines  which  operate  on  a  high  duty  cycle  and  where  long  and  trouble-free  life  is  de¬ 
manded,  heavy-duty  industrial  relays  should  always  be  used.  While  their  first  cost  is  higher ,  they  will 
pay  for  themselves  many  times  over  by  reducing  the  service  problems. 

Plug-in  relays  are  available  and  are  useful  for  compact  console  construction  and  to  facilitate  replace¬ 
ment  of  relays.  They  have  an  advantage  of  being  sealed  against  dirt  and  water.  But  they  are  usually 
light-duty  relays  which  are  intended  only  for  low-current  control  circuits. 

“Contactor"  is  another  term  fora  relay.  In  common  usage  a  contactor  is  considered  to  be  primarily 
a  DOwer  handling  device  for  switching  components  which  operate  at  a  high  power  level,  and  a  relay  is 
usually  considered  to  be  a  control  device  operating  at  a  low  power  level.  (Usually  low  amperage). 

It  almost  goes  without  saying  that  the  designer  in  ordering  relays  must  specify  the  number  of  contact 
sets  and  their  typo,  that  is,  N.O.  (normally  open)  or  N.C.  (normally  dosed).  He  must  also  specify  the 
coil  voltage  and  frequency  (if  for  A-C}.  Ho  must  also  make  certain  that  the  contact  sets  on  the  chosen 
model  have  sufficient  rating  for  the  voltage  and  current  to  bo  handled. 

Figure  1-23.  In  the  four  application  sketches  here  and  on  the  following  page  are  shown  the  more  im¬ 
portant  uses  of  relays  on  machines  using  fluid  power.  Relays  are  essential  on  all  electrically  controlled 
fluid  power  machines  except  those  on  very  simple  applications. 


To  3-Phase  Line  Relay  Contact 


3.  Relay  Opefatinq  a  3-Phasa  Oewioa. 


FIGURE  1-23A.  As  a  power  handling  device, 
reiavs  and  cantacTors  may  be  used  to  switch 
hign  oower  singie-pnase  and  3-pnase  loads. 


Figure  1-23A.  Power  Handling.  Con¬ 
tactors  rather  than  control  relays  are 
normally  used  for  making  and  breaking 
high  current  loads.  The  relay  coil  op¬ 
erates  on  a  very  low  power  level  and 
can  be  controlled  with  small  limit 
switches  and  pushbuttons.  Assemblies 
of  several  sets  of  contacts  can  be  oo- 
tained  on  each  contactor  to  switcn 
single-phase  or  3-ohase  loads  at  the 
same  or  a  different  voltage  than  useo 
on  the  relay  coil. 

Examoles  of  contactors  on  3-ohase 
loads  are  magnetic  motor  starters  for 
electric  motors  driving  air  compressors, 
hydraulic  pumps,  or  drilling  units. 
This  aoplication  is  discussed  on  Pages 
150  to  153,  Chapter  9. 

Electric  immersion  heater  elements 
are  controlleo  with  thermal  switcnes 
througn  contactors.  Heaters  mav  be  in¬ 
stalled  under  the  oil  level  of  hydraulic 
tanks  for  overnignt  use  m  cold  climates. 
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N.O.  Rday  Contaea 


to  "interface"  from  one  type  of  power  to  another. 


PiGURE  U22C.  Severe!  independent  power  cir¬ 
cuits  may  be  simuitaneausiy  switched  with  reiays. 


^4.0.  R«<«y  Contaea 
■O 


Sinqie 

So4anaid 


FiGURE  1-23D.  Current  can  be  maintained  on 
spring  return  or  spring  centered  solenoid  valves. 


Figure  1-23B.  Transition.  Relays  or 
contactors  may  be  useO  as  intermediary 
devices  for  coupling  two  circuits  which 
operate  at  different  voltage  or  fre¬ 
quency  levels,  between  D-C  and  A-C 
circuits,  or  between  siiigle-phase  and 
3-phase.  They  transmit  electrical  sig¬ 
nals  from  one  circuit  to  the  other  while 
keeping  the  two  circuits  from  inter¬ 
mingling.  In  this  sense  a  relay  is  acting 
as  an  "interface"  device  for  a  purpose 
similar  to  that  described  for  fluidic 
interface  devices.  See  Page  173. 

Figure  1-23C.  Isolation.  Relays  are 
not  only  used  to  isolate  a  coil  circuit- 
from  a  contact  circuit,  but  may  be 
used  to  isolate  and  switch  loads  of 
different  characteristics.  As  illustrated 
here,  two  loads,  one  operating  at  115 
volts,  the  other  at  220  volts  are  simul¬ 
taneously  switched  with  one  relay. 
The  relay  may  ootain  its  coil  voltage 
from  either  of  these  two  sources  or 
from  an  entirety  different  source. 

Figure  1-23D.  Electrical  Lock-In. 
An  important  use  of  a  relay  is  to  hold 
current  on  a  solenoid  valve  after  it  has 
been  momentarily  energized  from  a 
pushbutton.  To  release  the  relay  and 
solenoid  valva.  the  power  arcuit  must 
be  momentarily  interruoted.  Details 
are  given  in  the  rollowmg  descnotion 
and  in  many  circuits  to  follow,  starting 
with  Figure  3-3,  Page  40. 


3.  Holding  Relay  Princiole. 


Any  relay  or  contactor  becomes  a  "holding  relay"  when  wired  through  its  own  contacts  in  such  a 
way  that  the  armature  will  lock  closed  electrically  after  the  coil  is  momentarily  energized.  The  locking 
action  is  obtained  by  holding  current  on  the  coil  and  not  by  mechanical  action  as  is  the  case  with  cer¬ 
tain  special  relays  which  have  a  mechanical  latch  to  lock  the  armature  closed,  and  have  a  second  coil  to 
release  the  armature  wnen  momentaniy  energized.  These  laner  are  not  classed  as  holding  relays:  they 
are  usually  termed  "latching  relays".  An  examole  of  their  use  is  on  Page  133.  Figure  7-22. 

In  electrical  diagrams  holding  relays  are  often  called  "control  relays"  and  are  aesignatea  with  Sym¬ 
bols  1-CR,  2-CR,  3-CR,  etc.  Contacts  operated  by  their  coils  are  designated  in  a  similar  manner  as  ex¬ 
plained  on  Page  32. 
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The  lock-in  aaion  of  a  holding  relay  is  one  of  the  most  imoortant  principles  to  understand  and  use 
when  designing  electrical  control  circuits.  It  is  especially  useful  for  operating  spring  action  solenoid 
valves  -  spring  return  and  spring  centered  -  both  air  and  hydraulic,  from  momentary  pushbuttons. 

It  is  used  almost  universally  in  magnetic  motor  starters  because  it  will  permit  the  starter  to  be  remote¬ 
ly  operated  from  more  than  one  location;  mechanical  lock-in  start/stop  buttons  are  limited  to  1 -point 
control. 


Valve  Coil 


Snqla 

Solenoid 

Valve 


Stop 

Button 


T  ,  ~ 

L-o  o— 

Start  Button 


O  I  .Jn.O.  Contacts 
(2Sms1 


Iran  Cora 


FiGURE  1-24. 
EJecrrrcs/  lock-in 
action  of  a  "holding 
relay"  in  operation 
of  a  single  solenoid 
air  or  hydraulic  valve. 


Figure  1-24.  Holding  relay  action  is  shown  pictorially  in  this  diagram.  Later,  on  Page  40,  the  holding 
relay  is  snown  with  standard  graphic  symbols  in  Figure  3-3. 

The  purpose  of  using  a  holding  relay  to  operate  a  soring  action  solenoid  valve  is  to  keep  current  on 
the  valve  coil  —  to  keep  its  spool  shifted  —  even  though  the  initial  starting  signal  is  not  maintained.  Cir¬ 
cuit  action  in  the  above  diagram  is  as  follows: 

When  the  “Start"  pushbutton  is  pressed,  the  relay  coll  becomes  energized,  which  closes  both  sets  of 
contacts.  The  lower  set  -  the  holding  contacts  -  now  by-passes  the  pushbuttpn.  The  button  can  be  re¬ 
leased  and  the  relay  coil  remains  energized  from  current  supplied  through  these  lower  contacts.  The 
solenoid  valve  receives  its  current  through  the  upper  set  of  contacts.  To  release  the  relay  coil  and  sole¬ 
noid  valve,  the  holding  circuit  must  be  interrupted  by  momentarily  pressing  the  “Stop"  pushbutton. 
This  stoos  current  flow  to  the  coil,  de-energizing  the  magnet,  and  all  contacts  open  by  spring  action. 


‘FIGURE  r-25.  Adjustable  Re-Set 
Timer  f Panel  Mounted  T ypei. 


4.  Re-Sat  Electrical  Timers. 

Figure  1-25.  May  be  used  in  a  fluid  power  control  system  to 
delay  any  action  such  as  start-up  of  a  cylinder,  or  to  establish  a 
“dwell"  period  at  one  end  of  a  cylinder  trave'  before  start-up  m 
the  opposite  direction.  This  delay  or  dwell  can  range  from  a  few 
seconds  up  to  several  hours  in  the  case  of  a  curing  cycle. 

A  reeet  timer  is  one  which  starts  timing  from  zero  reference 
when  energized.  At  the  end  of  the  set  time  period  its  contacts 
are  activated.  When  the  timer  motor  is  de-energized.  an  internal 
spnng  returns  the  mechanism  to  zero  time  referenc.:  ready  for 
the  next  cycle,  ana  re-sets  the  contacts  to  their  original  conoi- 
tion.  It  may  have  any  reasonaole  numoer  of  inoeoenaent  contact 
sets  actuated  from  one  timing  motor.  It  is  available  in  a  wioe 
seiection  of  time  delay  ranges. 
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Other  manufacturers  may  offer  re<^  eiectricai  timers  having  an  appearance  quite  different  from  that 
shown  in  the  illustration  but  having  essentially  the  same  electrical  action.  Since  there  is  such  a  wide  var¬ 
iety  of  timers  on  the  market,  the  designer  should,  if  considering  the  use  of  one,  obtain  catalogs  from 
sa\'erai  manufacturers  to  select  the  one  most  suitable  for  his  application. 

Motor  driven  timers  use  a  small  self-stardng  synchronous  electric  motor  as  a  timing  element.  Others 
may  use  electronic  or  solid  state  components,  with  voltage  build-up  on  a  capacitor  as  the  timing  prin¬ 
ciple.  Still  others  may  use  a  restricted  air  flow  through  an  adjustable  orifice  to  obtain  a  time  delay. 

5.  Program  Timers. 

Figure  1-26.  A  program  timer  has  a  set  of  cams  and  switches 
operated  by  the  rotation  of  a  small  synchronous  etectrtc  motor. 
This  kind  of  timer  does  not  re-set  when  de-energized.  It  picks 
up  from  where  it  previously  stopped.  It  runs  always  in  one 
direction  and  usually  is  arranged  to  stop  through  action  of  inter¬ 
nal  switching  at  the  end  of  each  complete  revolution  of  the 
cams.  When  energized  again,  either  from  a  momentary  or  main¬ 
tained  signal,  it  runs  through  another  complete  revolution 
and  stops. 

Its  application  to  control  of  fluid  power  cylinders  is  to 
successively  energize  and  de-energize  several  solenoid  valves  in 
the  correct  time  sequence.  See  hyoraulic  circuit  on  Page  119. 

In  the  illustration  the  timer  is  shown  with  several  arcular  cam  assemblies,  each  of  wntch  actuates  a 
leveraFoBitiHt  switch  having  one  sat  of  transfer  type  contaL:s.  Each  cam  assembly  has  "split"  cams; 
that  l^two  similar  cams  are  mounted  next  to  one  another.  Each  of  these  cams  can  be  rotated  on  the 
shaft  with  resoect  to  the  other  to  lengthen  or  shorten  the  "ON"  or  "OFF"  time  of  the  associated  limit 
switch.  Each  cam  assembly  (of  two  split  cams)  can  also  be  positioned  rotationally  with  respect  to  other 
cam  assemblies  to  operate  the  limit  switches  in  the  correct  sequence. 

Timers  may  be  constructed  by  the  user  to  suit  special  applications.  Several  circuits  are  s.hown  on 
Pages  126  and  127  to  causa  the  drive  motor  to  stop  automatically  at  the  end  of  each  revolution. 

Through  the  use  of  program  timers,  an  otherwise  complicated  eiectncal  control  circuit  can  be  reduced 
to  very  simpie  terms. 


6.  Electric  Counters. 

Figure  1-27.  An  electric  counter  is  a  form  of  reiay 
in  wnicn  the  contacts  open  or  close  after  a  pre-set 
number  of  electric  impulses  have  been  receivea.  It  is 
useful  in  fluid  power  control  for  stacking  or  packaging, 
in  which  a  cylinder  is  to  start  after  a  certain  count  has 
been  reached.  Since  a  counter  is  useo  onncioally  m 
control  circuits,  it  is  normally  provioeo  with  oniv 
one  set  of  transfer  type  contacts.  See  Page  26. 

Some  counters  are  buiit  to  automatically  re-sec 
after  the  desired  count  has  been  reacneo.  ana  other 
types  must  be  manually  re-set  betore  the  start  of 
eacn  cycle. 


FIGURE  1-27.  Example  of  Electric  Counter 
(Pane!  Mounted  Type!. 


Saetrie  Switchw 
With  Roller  Actuators 


Cams 

FIGURE  f-26.  Program  Timer 
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SELF-HELP  QUIZ  #2 


#  SUBJECT;  PNEUMATIC  COMPONENT  SELECTION  a  IDENTIFICATION 


^  OBJECTIVE:  To  determine  and  Identify  tlie  reoulred  canoonents 

redulred  in  a  oneunotlc  circuit 


#  MATERIALS 
NEEDED : 


1  -  BRAT500  PNEUMATIC  TRAINER 
1  -  Valve 

1  -  Cylinder  (single  action^  soring  return) 
1  -  Air  line  dose  wltd  fast  disconnect 


^  PROCEDURE:  Select  tde  reculred  comoonents  to  comoiete  tde 

oneumatlc  clrlcut  sdown  in  Illustrations  1  a  2 
and  advenes  and  retract  a  cylinder  manually. 


ILLUSTRATION  1 
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REGULATED  PRESSURE 


ILLUSTRATION  ?  Z 
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CRITERION  EXAM 
TASK  212 

Please  answer  the  following  questions: 

1.  What  is  meant  by  a  directional  valve? 


2.  Define  electrical  sensors. 


3.  The  basic  electrical  component  of  a  limit  switch  is 


4.  Draw  the  symbol  for  AM  SPOT  switch  and  define  its  "normal"  position.  'c/ 


5.  Draw  the  schematic  diagram  for  a  circuit  which  starts  a  motor  and  keeps  it 
running  after  the  operator  removes  their  hands. 
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TASK;  CONNECT  FLUID  SYSTEM  VALVES 


PURPOSE;  You  must  understand  how  to  connect  fluid  system  valves  into  a 

circuit  to  achieve  a  desired  action.  The  intermediate  objectives 
under  this  task  presents  the  method  of  connecting  valves 
to  help  you  achieve  the  needed  understanding.  The  modern 
electrical  maintenance  person  knows  how  to  connect  valves  into 
the  circuit  for  proper  operation.  Connecting  valves  provide 
the  measns  of  control  which  makes  the  rest  of  the  fluid 
system  operate. 
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LEARNING  CONTRACT  (optional) 


2.  TERMINAL  PERFORMANCE  OBJECTIVE  | 

j 

Given  the  material,  design  and  needed  tools,  you  will  connect  pneumatic  ’ 

valves  in  a  fluid  system.  You  must  score  100%  on  the  performance  checklist  j 

for  this  objective.  '  ' 


INTERMEDIATE  OBJECTIVE  » 


J 

'  r 


Connect  manually  piloted  valves, 


LEARNING  STEPS  (Activities) 

1.  Review  Learning  Guide  in  Resource  #1 
to  recall  valve  action. 

2.  Complete  the  procedure  cited  in 
Resource  #2  to  see  how  valves  are 
connected. 

3.  Complete  the  circuit  testing  cited  in 
Resource  #2  to  assure  mastery  of  the 
sub  j  ect . 

4.  Proceed  to  the  Intermediate  Objective 
cited  in  Resource  #3. 


— —i^— —— I  I  m 

i 

RESOURCES  ! 

I 

1.  Learning  Guide  212  presents  valve 
actions  and  is  available  from  your 
instructor. 

2.  Information  Sheet  ^1  begins  on 
page  -#4. 


3.  Procedure  Sheet  41  begins  on  page  6 
and  is  entitled  ’’Manual  Circuit  Tes 

4.  Intermediate  Objective  42  begins 
on  page  7. 


^  Program  Task  Page  ^ 


INFORMATION  SHEET 


LABORATORY 


f SUBJECT;  PNEUMATIC  VALVES 

J OBJECTIVE:  To  ooerate  a  oneumatlc  valve  manually 

f  ilATERIALS  NEEDED:  1  -  BRAT300  PNEUMATIC  TRAINER 

1  -  Two  Dositlon  lever  ooerated  valve 


0  PROCEDURE:  Using  tne  above  listed  ccmoonents.  set  ud  the 

oneumatlc  circuit  as  shown  in  illustrations  1  a  2 


VALVE  ?5 


ILLUSTRATION 
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CIRCUIT  ^STING  PROCEDURE 

I  1  -  The  ccmoonents  for  this  activity  are  internally  connected,  ie 
the  outouts  from  valve  NO.  6  are  connected  to  the  outout 
indicators  NO.  5A  &  SB. 

z  2  -  ;"^ove  the  lever  ooerator  of  valve  NO.  6  forwara;  then  Occ.k 
again.  How  do  the  output  indicators  resoona  to  actuation 
of  tne  valve? 


® OBSERVATION: 


What  takes  olace  as  the  valve  is  shifted  manually? 


List  three  (3)  reasons  for  using  a  manually  ooerotea 
valve. 


2. 


!0 


f  Program 

Task 

Page 

V  1^.1002 

212 

LEARNING  STEPS  (Activities) 

1.  Review  Student  Learning  Guide  cited 
in  Resource  -^1  to  recall  piloted 
valve  action. 

2.  Read  Information  Sheet  cited  in 
Resource  #1  to  learn  about  air 
operated  valves. 

5.  Complete  the  circuit  testing  cited 
in  Resource  #2  to  assure  mastery  of 
the  circuit. 

4.  Proceed  to  the  Intermediate  Objective 
cited  in  Resource  #3. 


RESOURCES 

1.  Student  Learning  Guide  “212  is  avail¬ 
able  from  your  instructor, 

2.  Information  Sheet  ^2  begins  on  page 
10  and  is  entitled  "Pneumatic  Valve. 


3.  Procedure  Sheet  “2  begins  on  page  1 
and  is  entitled  "Pneumatic  Valves.’ 

4.  Intermediate  Objective  ^^3  begins  on 
page  11 . 
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%  SUBJECT:  PNEUMATIC  VALVES 

®  OBJECTIVE:  To  ooerote  a  oneumotlc  ollorea  valve 

using  oneumatlc  inout  signals 


# MATERIALS  NEEDED; 


PROCEDURE: 


1  -  SRATEOO  PNEUMATIC  TRAINER 
1  -  Two  oosltlon  oneumaTlcclly  ollorea 
valve 

Using  me  oDove  listsa  ccmoanents.  sai 
uo  me  oneianatlc  circjit  as  snown  in 
Illustrations  1  a  2. 


i 

j 


OUTPUT  INDICATORS  N0.2A  a  23 


/  I  X 

PNEJMATIC  INPUT  SWITCI-i  ' _ 1  ,/ «  '  i 


A 


ILLUSTRATION  =1 
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INTERMEDIATE  OBJECTIVE 


#3 


Connect  electric  piloted  valves. 


LEARNING  STEPS  (Activities) 

1.  Review  Student  Learning  Guide  cited 
in  Reference  #1. 

2.  Read  Information  Sheet  cited  in 
Resource  #1  to  learn  about  electric 
valves . 

3.  Complete  the  circuit  testing  cited 
in  Resource  ^2  to  assure  mastery  of 
the  circuit. 

4.  Proceed  to  Intermediate  Objective 
cited  in  Resource  ^3. 


RESOURCES 

1.  Student  Learning  Guide  “212  is 
available  from  your  instructor. 

2.  Information  Sheet  ^3  begins  on  page 
12  and  is  entitled  "Electric  Valves 


3.  Procudure  Sheet  -3  begins  on  page  14  I 
and  is  entitled  "Electric  Valves." 

4.  Intermediate  Objective  "^4  begins  or 
page  15. 
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9  SUBJECT:  PNEUMATIC  VALVES 

9  OBJECTIVE:  To  ooerats  a  oneiratlc  valve  using 

electrical  incut  signals 


#  .1ATEHIALS  NEEDQ:  1  -  BRATHQO  PNEUMATIC  TRAINER 

1  -  Two  Dosltlon  electrically  ocerated 
(solenoid)  valve  12VAC 


9  PR0CE3URE:  Using  tne  afiove  listed  camconents^  set  uc 

tne  oneunotlc  clrrjlt  as  snown  in 
lllunstrotlons  1  j  2. 


OUTPUT  INDICATORS  m.  5A  i  5B 


£L£-rrRicAL  swit::-:  'iq.: 
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RE51ILATED  PRESSURE 


ILLUSTRATICN  il 
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PROCEDURE  SHEET 


CIRCUIT  TESTING  °RQCSURg 

The  comoonents  for  this  activity  are  internally  connected; 
i.e.  the  oneumatlc  ollot  switch  23  is  connected  to  the  oiiot 
inour  of  valve  tMO.  2.  The  outouts  from  valve  NO.  2  are 
connected  to  outout  ina lector  NO.  la  s  23. 

I'love  the  lever  on  the  oneumatlc  switch  23  Oac:<  ana  for.vara. 
How  does  the  inaicotor  resoona  to  actuation  of  the  switch? 


List  four  (4)  reasons  for  a  oneumatlcaily  oilotea  valve. 


5. 

4. 


Which  valve  is  considered  the  "SLAVE"  '/cive? 


Which  is  the  control  valve? 
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INTERMEDIATE  OBJECTIVE 


Connect  quick  exhaust  valves 


LEARNING  STEPS  (Activities) 

1.  Review  Student  Learning  Guide  cited 
in  Resource  <^1. 

2,  Read  Information  Sheet  cited  in  Re¬ 
source  to  learn  about  quick 
exhaust  valves. 

5.  Complete  the  circuit  testing  cited 
in  Resource  #2  to  assure  mastery 
of  the  subject. 

4.  Complete  the  performance  checklist 
for  this  terminal  objective. 
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RESOURCES 

1.  Student  Learning  Guide  212  is 
Available  from  your  instructor. 

2.  Information  Sheet  #4  begins  on  ; 

page  16  and  is  entitled  ’’Quick 
Exhaust  Valves”. 

i 

5.  Procedure  ^4  begins  on  page  17 
and  is  entitles  ’’Quick  Exhaust 
Valves”. 

4.  See  your  instructor. 


INFORMATION  SHEET  4 


#  SUBJECT: 

•  OBJECTIVE: 


To  understona  cne  ooeratlon  and  local ion 
of  a  aulck  exnaust  vaive  witnin  a  oneianatlc 
circuit. 


QUICK  EXHAUST  VALVES 


♦  i’^ATcHIALS  NEECE2: 


1  -  3RATEC0  ?NEJ"ATTC  TRAI.NEH 
1  -  Quick  axnaust  valve 
i  -  Single  acting^  saring  return  cvl inner 
1  -  5  w  manual  valve  (sS) 

1  -  Air  line  '^ttn  fast  dlscsnnect 
1  -  Air  line 

I  •  Pnesauatlc  outaut  (;j5A) 


Quick  exnausr  valves  are  used- witn  air  c/llncersv  rotar/  acrjators^ 
etc.,  to  lnc.-ease  tne  soeed  of  tne  csnoonent  retraction  oy 
exnaustlng  tnem  airectiy  Into  tne  a*cnosDnere  insteaa  of  Tirougn 
a  long  line  OacK  to  tne  ccntrol  valve.  The  auic<  exnaust  of  tne 
air  allows  tne  use  of  smaller  valves  and  connecting  air  lines. 

A  ouicK  exnaust  snould  de  installed  as  close  as  oossidle  to  tne 
c/llnaer  oorts.  Inaustrlal  aoolicatlons  are  for  single  acting, 
soring  return,  air  c/llnaers.  QulcK  exnausts  are  'Jsec  in 
nyaroullc  circuits. 


EXHAUST — 


ATH  OF  EXHAUST  WHF 
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O  PROCEDURE:  Using  trie  listed  canoonents.  set  ud  tne 

Dneumatlc  circuit  as  snown  in  Illustrations 

n  a  #2. 


QIRWII 

z  1  -  Atiacn  an  air  line  witn  a  fast  aisccnnect  to  outout 

and  me  Qooosite  end  to  me  QUICK  E<HAUST  valve. 

z  2  -  Using  a  snort  air  line,  attocn  to  me  cv Under  (Illustration  ^2: 

z  5  -  Activate  valve  ?5  ana  noia  to  extena  tne  cvlinaer  -cc. 

z  4  -  Release  me  valve  ana  ooser/e  tne  cvlinaer  roa  '•etract  ana 

note  me  exnaustea  air  coming  from  tne  cuicx  exncust  vaive. 

z  5  -  Re-assemoie  me  seme  circuit.  Out  mis  time  30  NOT  use  tne 
auicK  exnaust  valve.  Qbser/e  tne  roa  soeec.  Reoect  tnis 
activity  until  you  coser/e  tne  aifference  in  "ca  soeec. 
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PERFORMANCE/PRODUCT  CHECKLIST 


Program:  industrial  electrical  maintenance 


Task  No:  211  describe  unified  technology  concepts 


Student’s  Name: _  Date  Of  Attempt: 

Evaluator’s  Name: _ Evaluation  Site:  _ 

Performance  Attempt:  12  3  4 


Terminal  Performance  Objective: 


Given  the  material,  design  and  needed  tools  you  will  connect  oneumatic 
valves  in  a  fluid  system.  You  must  score  100%  on  the  performance/checklist 
for  this  objective. 


Directions  To  The  Student: 

I 

Before  attempting  this  task  for  mastery,  carefully  review  this  checklist.  You  will  be  eval¬ 
uated  on  the  basis  of  this  checklist.  When  you  feel  you  are  ready  for  evaluation,  contact  your 

instructor.  You  must  complete  your  performance  within  -in _ minutes  and  must 

score  at  least _ out  of _ points  or _ 100 _ o/o  for  mastery.  Critical  ! 

Items  are  marked  with  an  asterisk  (*).  These  items  must  be  satisfactorily  completed. 


Directions  To  The  Evaluator: 


The  student  will  contact  you  when  ready  for  the  evaluation.  The  stuoent  must  complete 

the  performance  within _ 1’ _ minutes  ana  must  score _ out  of _ 

points  or _ _ %  and  all  items  marked  with  an  asterisK  (*)  must  be  satisTactonr/ 

completed. 
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PERFORMANCE/PRODUCT  CHECKLIST 


The  following  tasks  are  to  be  completed  using  the  equipment  and  material 
contained  in  the  "Brat  501"  pneumatic  trainer. 


1.  Connect  one  manual  valve  to  the  gripper  of  the  robotic  arm. 

2.  Connect  one  electric  piloted  valve  to  the  extender  of 
the  robotic  arm. 

5.  Connect  on  pneumatic  piloted  valve  to  the  riser  of  the 
robotic  arm. 

4.  Connect  a  quick  exhaust  valve  to  a  linear  plunger  on 
the  BRAT  501  table. 


/ 

CRITICAL 

ITEIIS 


1. 

2. 

3 . 

4. 

5. 

6. 

7. 

8. 


ITLMS  TO  BE  OBSERVED  OR  CHECKED 


RATING 


JIQ__ 


Selected  correct  manual  valve. 

Connected  manual  valve  to  gripper. 

Selected  correct  electric  piloted  valve. 
Connected  electric  piloted  valve  to  extender. 
Selected  correct  pneumatic  piloted  valve. 
Connected  pneumatic  piloted  valve  to  the  riser. 
Selected  correct  quick  exhaust  valve. 

Connected  quick  exhaust  valve  to  linear  plunger. 


i 


TOTAL  POINTS  EARNED  = 


POINTS  NEEDED  FOR  MASTERY  -  S 
TOTAL  POINTS  POSSIBLE  =  S 

i 
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Tho  foli  wing  t  iAlwi  ar«  to.  •j- 

contained  in  '.ho  '’Brat  501”  pi»e'u®»tJc  trainer,  ,  ^  . 

.•vljtv  boJoXiq  sir?ooI»  j^enoo  baJo«Is2  .t  , 

<  ®  1.  CcmnooT  ttn*i  ridual  valve  to  the  grtup-er  of  the  robotic 

^  .TofcMTOJxo  03  *vLmv  bo^oilq  ^trlooXo  bettrtxwoD  .h 

2,  CoitnacC  one  olacrric  pilotao  vmlvo  to  tho  ^-xtender  o/ 
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5.  .TIUrilb^'to^^rOSpraetijHyt :hBaxi!!L0|«aU^assb«T^ 
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TASK:  CONNECT  fluid  system  actuators 


pi  IPPOSE' 

'  —  You  must  understand  how  to  connect  fluid  system  actuators  into  a 

robotic  or  automated  system  circuit.  The  intermediate  objectives 
under  this  task  presents  the  method  of  connecting  actuators  to 
help  you  achieve  the  needed  understnading.  The  modem  electrical 
maintenance  person  knows  how  to  connect  actuators  into  the 
circuit  for  proper  operation. 


INDUSTRIAL  ELECTRICAL  MAINTENANCE 
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LEARNING  CONTRACT  (optional) 


2.  TERMINAL  PERFORMANCE  OBJECTIVE 

Given  the  material  and  tools  along  with  a  performace  checklist,  you  will 
connect  fluid  system  actuators  as  requested.  You  must  score  100%  on  the 
performance  checklist  for  this  objective. 
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INTERMEDIATE 


OBJECTIVE  « 


Connect  double  acting  cylinders. 


LEARNING  STEPS  (Activities) 

RESOURCES 

1.  Review  the  student  Learning  Guide 

1.  Student  Learning  Guide  212  is 

available  frowyour  instructor. 

cited  in  Resource  #1  to  recall  air 

operated  cylinder  action. 

• 

2.  Follow  the  procedure  cited  in  Resource 

2.  Procedure  Sheet  #1  begins  on  page  4 

#2  to  observe  the  action  of  a  double 

acting  cylinder. 

3.  Complete  the  testing  procedure  cited 

3.  The  procedure  sheet  #1  testing 

in  Reference  #3  to  assure  comprehension 

. 

procedure  begins  on  page  5. 

4.  Follow  the  procedure'  cited  in  Resource 

4.  Procedure  sheet  ^2  begins  on  page  7. 

^4  to  learn  how  to  stop  a  cylinder 

i 

.  in  mid  stroke. 

\ 

1 

5 

5.  Complete  the  testing  procedure  cited  in 

5.  The  procedure  sheet  #2  testing 

Reference  5  to  assure  subject  compre- 

procedure  begins  on  page  8. 

hens ion. 

6.  Follow  the  procedure  cited  in  Resource 

6.  Procedure  sheet  #3  begins  on 

#6  to  learn  the  actions  of  a  three 

page  10 . 

position  valve  and  double  acting 

cylinder. 

7.  Complete  the  circuit  testing  procedure 

7.  procedure  sheet  ^3  circuit  testing 

cited  in  Resource  6  to  learn  the  action 

s 

procedure  begins  on  page  12, 

of  a  three  position  valve  and  double 

acting  cylinder. 

8.  Follow  the  procedure  cited  in  Resource 

8.  Procedure  sheet  ^4  begins  on  page  14. 

8  to  learn  the  action  of  a  blocked 

center  3  way  valve  and  double  acting 

cylinder. 

9.  Complete  the  circuit  testing  procedure 

9.  Procedure  sheet  ^4  circuit  testing 

cited  in  Resource  9. 

►V _ _ _ 

procedure  begin  on  page  ^^15. 

J 

^  Program 

Task 

Page  ^ 

L  i:'.ioo2 

2/4 

2  J 

^  Program 

Task 

Page  ^ 

17.1002 

5b  > 

PROCEDURE  SHEET 


%  SUBJECT; 

•  aBJECTTVE: 

#  MATERIALS 

NEEDED : 


#PROCEBURE: 


DOUBLE  ACTING  CYLINDERS 

To  odserve  tfie  action  of  a  douole 
action  cylinder 

1  -  BRATEQO  PNEUMATIC  TI^INER 
1  -  Doudie  action  cylinder 

1  -  Lever>  soring  return,  3  oosltlon  valve 

2  -  Air  line  hoses  wltn  fast  disconnects 

Using  tde  adove  listed  comoonents,  set  no 
oneimatlc  circuit  as  shown  in  Illustrations 
l.a  2. 


ILLUSTRATION  1 
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PROCEDURE  SHEET 


regulated  pressure 


ILLUSTRATION  ^  2 


CIRCUIT  TESTING  PR0C3URE 

V  =  1  -  cneck  ail  connections  as  indi cotec  in  illustrations 

=  2  -  Move  valve  lever  Qacx.  wtiot  is  me  reaction  of  me  cvllnaer-’ 


3  3  -  »ve  tne  valve  lever  far^aro.  wnat  is  me  rsacaion  or  m.e 
C7  Under?. 
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a  4  -  Move  tne  lever  eltfier  forward  or  back  and  release  It  before 
tne  cylinder  coiroletes  Its  stroke,  what  took  place  now? 


a  5  -  Disconnect  port  A  from  the  PNEIJJ^TIC  OUTPUT  connection  on 

the  trainer  and  follow  procedures  #  2  a  ,#  3.  What  took  place 
now? _ 


*  CONCLUSION: 


A  doudle  acting  cyllnaer  itust  have  air  pressure 
ODD lied  to  both  ports  A  a  3  inoraer  to  aavance  or 
retract. 


Program 

Task 

Page 

V17.1002 

214 

6  7 

PROCEDURE  SHEET 


O  SUBJECT: 


DOUBLE  ACTING  CYLINDERS 


A  OBJECTIVE:  StoDOing  a  douOle  acting  cylinder  in  inld 

stroke  wltnout  any  stroke  creeo  and  control 
tne  soeed  in  botn  directions  -  metered  out 


A  ('MATERIALS  NEEDED:  1  -  BRAT500  PNEUMATIC  TRAINER 

1  -  DouOle  acting^  single  ended  cylinder 

1  -  Pneumatic  oiloted  valve 

1  -  Pressure  regulator  station 

2  -  Flow  controls 

Air  lines  and  disconnects 


•  PROCEDURE:  Using  tne  adove  listed  comoonents.  set  uo 

tne  oneumatlc  circuit  as  snown  in  illustrations 

1  i  2, 
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ILLUSTRATION  3^2 


CIRCUn  TFRTTNG  JOQC^URg 

--I  -  C.’iecK  ail  cannectlons  as  inaicatsc  in  illusirations 

z  2  -  Aajusi  reguiaiBC!  aressure  siaticn  to  main  suDoly  for  ecuai 
oressure. 

z  3  -  Close  Ootn  flow  controls  ana  ooen  1/2  corn 
z  ^  -  Ooerote  :ne  .^neuinatic  inout  -lA.  wnat  ."eacticn  just  :ook  cicce? 
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□  5  -  Close  input  lA  and  ooen  input  IB.  What  reaction  took  place? 


□  5  -  Repeat  4  a  5  adjusting  the  flow  controls  to  get  a  slow  [notion 

back  and  forth, 

□  7  -  Use  input  IB  to  retract  cylinder  and  actuate  input  lA  stopping 

the  cylinder  mid  stroke. 

a  3  -  Repeat  step  7  adjusting  the  regulated  pressure  station  until 
the  cylinder  stops  and  holds  Its  position. 

O  CONCLUSION: 

Because  of  unecuai  areas  between  the  rod  and  the  con  side 
of  the  Piston,  when  ecual  pressure  is  supplied  to  both  siaes 
of  the  cylinder,  the  cylinder  will  advdnce  due  to  less  area 
on  the  rod  side. 

By  decreasing  the  pressure  on  the  opposite  will  ecual ize  the 
force  on  the  piston  making  it  possible  to  stop  the  cylinder 
mid  stroke.  Using  the  following  formula  lets  prove  our 
theory! 


PRESSURE  X  AREA  **  FORCE 


:area  cap  end)^ 


A..  (AREA  ROD  END)  (LESS  BECAUSE  OF  ROD) 


PlX  Aj-  *  P2X  A^  (Cylinder  rod  in- ecuilibrlum) 

To  accomplish  this  a  3  position  valve  is  recuirea  with 
pressure  ooen  to  both  cyiinaer  ports.  Calculate  theoretical 
pressure  on  any  regulator  as  follows; 

bore  size  of  1  178.  area  =  1.00  Sa.  incnes 
iC  bore  less  174"  diameter  roa  =  .75  Sa,  inches 

I 


P.  (LINE)  X  A. 

^  I 

80  X  .75  *  ^0 
p2  X  1.00  =  50 
P.  =  50  =SI 

4  4  oU 


How  does  this  compare  with  actual  pressure  recuired  to  stop 
the  cyiinaer  using  the  regulated  pressure  station? 
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Q  SUBJECT: 
O  OBJECTIVE; 

Oiwteriaus 

NE3B: 


Q  PROCEDURE: 


DOUBLE  ACTING  CfUNDERS 

To  advance  and  retract  a  doudie  acting  cylinder 
using  a  manuaily  ooerated.  3  oositlon  4  -  way 
vaive^  soring  centerd^  witd  '"A"  a  "3"  oorts 
open  to  exnaust  in  tfie  center  oositlon 


1  -  BRAT500  PNEJMATTC  TH.AINER 
1  -  Lever  ooerated  valve  (^5) 

1  -  Doudie  acting  cylinder 

2  -  Air  lines  witn  fast  disconnects 

Using  tne  adove  listed  coiroonents.  set  uo  tne 

oneumatlc  circuit  as  snown  in  illustration 

and  connect  tne  comoonents  as  snown  in  illustration  ?2 


ILLUSTTATION 


-^1 
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regulated  pressure 

STATION 


ILLUSTRATION  -42 
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CIRCUIT  TESTING  PROCEDURES 


V  □  1  -  Advance  and  retract  ttie  cylinder  rod  by  moving  tne  valve 
lever  forward ^  men  backward. 

□  2  -  Now  release  me  valve  lever  and  try  to  move  me  cylinder  rod 
by  hand.  Does  It  move  freely? _ , 

•  CONCLUSION: 

When  me  valve  Is  in  me  center  oosition.  me  cvlinoer 
ports  are  ooen  to  me  exnaust  allowing  me  cyiinaer  roa 
to  move  freely.  Tfils  type  of  an  ooen  center  valve  mignt 
prove  to  be  useful  in  a  circuit  wnen  it  may  be  necessary 
to  make  adjustments  wimout  disconnecting  me  air  sucoly. 

•  NOTE:  Furtner  information  availaoie  in  me  "ROBOTIC  APPLICATIONS 

FOR  PNEUMATICS  a  HYDRAULICS"  cdaoter  5  Page  12. 
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•  SUBJECT:  DOUBLE  ACTING  CYLINDERS 

9  OBJECTIVE:  To  advance  and  retract  a  double  acting^  double 

rod  cylinder  using  a  oneumatlcally  piloted  4  way^ 
3  position  valve  witn  "A"  i  "B"  ports  blocked  in 
ttie  center  position. 


# MATERIALS 

NEEDED:  1  -  BRAT500  PNEUMATIC  TRAINER 

1  -  Pneumotlcdily  Piloted  valve 

1  -  Double  acting^  double  rod  cylinder 

2  -  Air  lines  wltfi  duick  disconnects 

® PROCEDURE:  Using  tbe  dbove  listed  comoonentSy  set  ud  tne  pneuinat:: 

circuit  as  snown  in  illustration  ana  connect 
tne  comoonents  as  snown  in  illustration  ^2. 
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ILLUSTRATION  ?2 
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CIRCUIT  TESTING  PROCEDURES 

v'  □  1  -  Advance  and  retract  trie  cylinder  rod  by  alternately  moving 
air  inout  switch  lA  on,  then  off.  Repeat  the  same  orocedure 
using  air  Inout  switch  IB. 

□  2  -  What  haooens  when  lA  is  not  returned  to  the  off  position  and 
IB  Is  turned  on? _ _ _ _ 


i^OTE:  Because  the  valve  cannot  shift  without  first  exnausting  the 
oDDOsite  Pilots  the  cylinder  rod  will  remain  in  the  some 
position! 


5  -  Advance  the  rod  In  either  direction  and  return  the  air  switch 
to  the  off  position  before  the  rod  fully  extends. 


□  4  -  Does  the  rod  stay  in  this  position? 


NOTE:  The  pressurized  air 
douOie  rod  cylinder 
forces  are  eauai. 


is  traooea  in  the  cylinder  ana  since  a 
has  eauai  piston  area  on  eacn  siae.  the 
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©SUBJECT: 
©  OBJECTIVE: 


®  flATERIALS 
NEEDED : 


©  PROCEDURE; 


DOUBLE  ACTING  CYLINDERS 

To  advance  and  retract  a  doufiie  acting  cylinaer 
using  an  electrically  oiloted.  2  oosltlon. 
soring  return  4  way  valve. 


1  -  BRAT500  PNEUMATIC  TRAINER 
1  -  Electric  solenoid  ooerated  valve  (i^) 

1  -  Douole  acting  cylinaer 

2  -  Air  lines  witn  auick  disconnects 

Using  tne  ofiove  listed  c-moonents.  set  uo  tne 
oneumatlc  circuit  as  snown  in  illustration  and 
connect  trie  comoonents  as  snown  in  illustration  42. 
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CIRCUIT  TESTING  °RQCaURES 

V  □  1  -  Advance  and  retract  tne  cylinder  rod  dy  moving  tne 
electrical  toggle  switcfi 

G  2  -  Why  Is  only  one  switch  reauired  to  move  the  cylinder 
rod  in  two  directions? 


G  5  -  If  the  switch  is  returned  before  the  cylinder  fully  extends, 
how  does  the  cylinaer  respond? 


G  4  -  If  a  limit  switch  was  used  to  actuate  the  vaivr.  what  must 
be  done  to  keeo  the  cylinder  from  retracting  before  it 
fully  extends? 
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#  SUBJECT:  SPRING  RETURN  CYLINDERS 

O  OBJECTIVE:  To  advance  and  retract  a  soring  return 

cylinder  using  a  manually  operated^  two  (2) 
position,  four  (4)  way  valve  witnout  soring 
return 

9  .'lATERIALS  NEEDED:  1  -  3RAT500  PNEUiWTC  TRAINER 

1  -  Lever  operated  valve 
1  -  Single  acting  soring  return  cylinder 
1  -  Air  line  witn  aulck  disconnect 

® PROCEDURE:  Using  me  aOove  listed  comoonents,  set  uo  tne 

pneumatic  circuit  as  snown-  in  illustration 
and  connect  tne  comoonents  as  snown  in 
illustration  ?2. 


0  0  0  0 
0  0  0  0 


ILLUSTRATION  ,?1 
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REGULATE) 
STATION 


TEST  GAUGE, STATION 


PRESSURE 

FILTER, 4  REGUUTOR 


ELECTRIC  PILOTED 
AIR  PILOTED 


MANUAL  PILOTED 
BLANK 


OUTPUT 

PORTS 


COMPONENT  STORAGE  BOARD 


VALVES 


4  5  6  7 
3.  illAI^IFDLlis 
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\  PNEUMATIC  INPUTS 


12  VOLtTnPUTS 


OUTPUT  INDICATORS 


TNPUT  INDICATORS 


ILLUSTRATION  =2 
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CIRCUIT  TESTING  PRnmilRF 

'*'  □  1  -  Advance’ trie  cylinder  rod  by  moving  the  valve  lever  (#6)  fon^ard^ 
tnen  release  tne  lever.  Does  tfie  cylinder  rod  remain  in  trie 
advanced  position?  _ _ _ . 

.WHY? _ ' _ , 

3  2  -  Retract  tne  valve  lever,  wnat  nacoens  to  tne  cylinder  roa? 


□  5  -  What  moved  tne  cylinder  rod  back? 


□  4  -  The  valve  is  a  four  (4)  way.  wnat  naooened  to  tne  output  wnen 
tne  valve  lever  was  retracted? 
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PERFORMANCE/PRODUCT  CHECKLIST 


Program!  industrial  Electrical  Maintenance 


Task  No:  214 


Studenfs  Name: 


Date  Of  Attempt: 


Evaluator’s  Name: 


Evaluation  Site: 


Performance  Attempt  12  3  4 


Terminal  Performance  Objective: 

'i-  t 

Given  its  material  and  tools  along  with  a  performance  checklist,  you  will  connec 
fluid  system  actuators  as  requested.  You  must  score  100%  on  the  performance  checklist  f 
this  object. 


Directions  To  The  Student 

Before  attempting  this  task  for  mastery,  carefully  review  this  checklist.  You  will  be  eval¬ 
uated  on  the  basis  of  this  checklist.  When  you  feel  you  are  ready  for  evaluation,  contact  your 

instructor.  You  must  complete  your  performance  within  _ minutes  and  must 

score  at  least _ lO  nut  of _ in  points  or _ i  nn  %  for  mastery.  Critical 

items  are  marked  with  an  asterisk  (*).  These  items  must  be  satisfactorily  completed. 


Directions  To  The  Evaluator: 

The  student  will  contact  you  when  ready  for  the  evaluation.  The  student  must  complete 

the  performance  within _ 30  miniitPR  and  must  score _ outof  __IQ_ 

points  or  — L22 - %  and  all  items  marked  with  an  asterisk  (')  must  be  satisfactorily 


completed. 


CRITICAL 

ITEI-IS 


ITLMS  TO  BE  OBSERVED  OR  CHECKED 


RATING 


YES 


JICl_ 


I 


i 


V 


1.  Read  the  procedure  sheet  before  beginning 

2.  Selected  the  tools  and  materials  needed 

3.  Selected  the  proper  valve  as  specified  in  the  procedure 

4.  Connected  valves  to  cylinders  correctly 

5.  Adjusted  air  pressure  regulator  before  testing  circuit 

6.  Followed  procedure  for  circuit  test 

7.  Recorded  data  obtained 

8.  Disconnected  all  components  safely 

9.  Returned  parts  to  tool  crib 

10.  Cleaned  up  work  area 


TOTAL  POINTS  EARNED  = 


POINTS  NEEDED  FOR  MASTERY  -  100 

TOTAL  POINTS  POSSIBLE  -  100 
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TASK:  CONNECT  venturi  vacuum  generator 


PI  IRPOSP' 

r<^nrv-/oi_.  you  must  understand  how  to  connect  the  venturi  vacuum  generator 
into  a  fluid  system  circuit.  The  intermediate  objectives  under 
this  task  presents  the  method  of  connecting  venturi  vacuum 
generators  to  help  you  achieve  the  needed  understanding.  The 
modern  electrical  maintenance  person  knows  how  to  connect 
venturi  vacuum  generators  into  the  circuit  for  proper  opera¬ 
tion. 
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LEARNING  CONTRACT  (optional) 


2.  TERMINAL  PERFORMANCE  OBJECTIVE 

Given  the  needed  material  and  tools  along  with  a  performance  checklist, 
you  will  connect  the  venturi  vacuiim  generator.  You  must  score  100%  on  the 
performance  checklist  for  this  objective. 


2a.  INTERMEDIATE  OBJECTIVE(s) 

1.  Identify  the  physical  parts  of  the  venturi  tube 

2.  Connect  the  venturi  vacuum  generator. 
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VELOCITY  -  PRESSURE  RELATIONSHIP 


BcmouIU-s  Uw  ,.a,=s  .K..  .he  ,„eher  the 

the  speed  decreases,  the  pressure  increases,  and,  *  pneumatics  and  aeronautics.  We  also  know 


Venturi: 

The  v,„.un..ub.  can  he  u.mzed  « 

can  cause  a  drop  lu  pressure  as  a  tluid  nows  thro^^  _ 

section,  or  throat,  between  __“ter  the  droo  m  pressure  can  be  mea.,ured  and 

constnction.  Thus,  by  attaching  at  venturi  devices  arc  commonly  used  as  air 

^ow'^etS^  S‘ faS:  they  ^re  To^^StlS^an  Ihe  saarp  edged  orifice  because  of  its  gradu  .1  smooth 
restriction^ 

dlflezence  1^= 


Air 

Outlet 
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SELF  -  HELP 

Identify  the  pressure  and  fluid  behavior  at  each  of  the  three  areas,  A,  B,  C, 


A. 


B. 


C. 
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INTERMEDIATE  OBJECTIVE 


#2 


2.  Connect  the  venturi  vacuum  generator. 


INFORMATION  SHEET  #2 


©SUBJECT:  VENTURI  VACUUM  GENERATOR 

©OBJECTIVE:  To  Dick  UD  and  release  Daoer  material 

using  a  venturi  type  vacuum  generator 
operated  by  a  manual.  2  position.  4  way 
Dneumatic  valve. 

©MATERIALS  NEEDED:  1  -  BRAT300  -PNEJMATIC  TRAINER 

1  -  Lever  ooeratea.  2  bosition.  4  way  valve  (i46) 
1  -  In-line  flow  control  valve 
1  -  Air  line  with  auick  disconnect 
1  -  Air  line 


©PROCEDURE:  Using  tfie  above  cornoonents.  set  ud  tne  oneumatic 

circuit  as  snown  in  illustration  #1  and 

connect  tfie  cornoonents  as  snown  in  illustration  42. 


ILLUSTRATION  41 
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•  THE  VENTURI  TUBE  • 

The  venturi-tuDe  can  be  used  to  cause  pressure  differences  in  oneumatlc 
circuits.  TTie  venturl-tuOe  can  cause  a  droo  in  pressure  ds  d  fluid  flows 
tPrough  it.  The  standard  venturi  is  a  short  straight  pipe  section 
between  two  tapered  sections  as  seen  below  in  illustration 

BERNOULLI'S  LAW  states  that  the  higher  the  speed  of  a  flowing  liauid. 
the  lower  the  pressure.  As  the  speed  decreases,  the  pressure  increases, 
and  ds  the  speed  increases,  the  pressure  decreases. 


ILLUSTRATION 


CIRCUIT  TESTING  PROCEDURES 

-  z  1  -  Valve  #6  is  a  4  way  valve,  providing  an  output  at  "A"  a  "B" 
depending  on  which  position  the  lever  is  positioned  in. 
During  this  activity  we  are  only  using  one  output.  5A. 

cl-  Hold  the  venturi  over  a  piece  of  paper  or  cara  ana  adjust 
the  flow  control  valve  until  the  oaoer  or  card  is  drawn 
against  the  suction  cuo  on  the  end  of  the  venturi. 

=  5  -  Repeat  procedure  ^2.  Put  try  to  Dic:<  up  a  oaper  or  card 
adjusting  the  pressure  gauge  on  the  air  supply  station 
at  various  levels,  decreasing  the  oressure  seen  time.  Note 
that  the  venturi  still  reacts  very  positive  even  at  low 
pressures.  At  what  pressure  aid  the  venturi  stop  ooercting? 


z  a  -  We  are  putting  pressure  into  the  venturi,  wny  does  this 
'esuit  in  d  vacuum? _ 
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Program:  industrial  electrical  maintenance 

Task  No:  215 

Student’s  Name: _  Date  Of  Attempt: _ 

Evaluator’s  Name: _ Evaluation  Site: _ 

Performance  Attempt:  12  3  4 


Terminal  Performance  Objective: 

Given  the  needed  materials  and  tools  along  with  a  performance  checklist,  you  will 
connect  the  venturi  vacuum  generator.  You  must  score  100%  on  the  performance 
checklist  for  this  objective. 


Directions  To  The  Student: 

Before  attempting  this  task  for  mastery,  carefully  review  this  checklist.  You  will  be  eval¬ 
uated  on  the  basis  of  this  checklist.  When  you  feel  you  are  ready  for  evaluation,  contact  your 

instructor.  You  must  complete  your  performance  within _ minutes  and  must 

score  at  least - 5 - out  of _ 5 _ points  or _ IHQ _ %  for  mastery.  Critical 

items  are  marked  with  an  asterisk  (*).  These  items  must  be  satisfactorily  completed. 


Directions  To  The  Evaluator: 


V. 


The  student  will  contact  you  when  ready  for  the  evaluation.  The  student  must  complete 
the  performance  within - 30 _ minutes  and  must  score _ 5 _ out  nf  _ 

points  or - 100 - o/j,  g||  jtems'  marked  with  an  asterisk  (*)  must  be  satisfactorily 

completed. 
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NOTE: 


ITLMS  TO  BE  OBSERVED  OR  CHECKED 


Student  will  assemble  and  operate  a  fluid  system  to  create 
vacuum  with  a  venturi  tube  using  40psi  supply  pressure 


1.  Read  the  complete  procedure  before  starting  to  assemble 

2.  Selected  the  right  parts  and  materials  for  system 

3.  Adjusted  pressure  regulator 

4.  Connected  the  components  correctly 

5.  Tested  venturi  vacuum  generator  for  amount  of  lift 


TOTAL  POINTS  EARNED  = 


POINTS  NEEDED  FOR  MASTERY  » 
TOTAL  POINTS  POSSIBLE 
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TASK:  DESCRIBE  PRESSURE  AND  FORCE  IN  A  FLUID  SYSTEM 


PURPOSE:  You  must  understand  the  principles  of  pressure  and  force  as 

they  apply  to  robotics  and  automated  manufacturing.  The  in¬ 
termediate  objectives  under  this  task  present  the  inter  actions 
of  pressure  and  force  in  the  fluid  system  to  help  you  achieve 
the  needed  understanding.  The  modern  electrical  maintenance 
person  knows  how  pressure  and  force  react  in  the  fluid  system 
to  provide  the  energy  for  movement. 
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LEARNING  CONTRACT  (optional) 


2a.  INTERMEDIATE  OBJECTlVE(s) 


1. 

Describe  the 

use  of 

2. 

Connect  test 

system 

force  in  the  fluid  system, 

to  measure  force  and  pressure  relationships. 


3.  AGREEMENT 


I. 


requirement  within 


_  agree  to  complete  the  above  stated  terminal  performance 
to _ I  further  recognize  that  the  conditions  of  the 


contract  (performance  and  time  agreement)  report  my  ability  to  perform  the  requirements  of  the 
occupation  and  record  my  progress. 


Student’s  Signature 


Instructor's  Signature 

(verifies  competency) 
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INTERMEDIATE  OBJECTIVE 


#1 


Describe  the  use  of  force  in  'the  fluid  system. 
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FLUID  SYSTEMS  AND  PRESSURES 

WHAT  IS  A  FLUID  SYSTEMT 

WHAT  I?  PRESSURE?  WHAT  CAUSES  PRESSURE?  ,  ' / 

HOH  are  PRESSURES  MEASURED? 

H(»  OOES  PRESSURE  ACT  LXE  A  "FORCE*  IN  A  FLUID  SYSTEM? 


Fluid  systems  are  common  in  the  world  of  technology.  In  general,  fluid 
systems  involve  various  fluids,  pipes  or  hoses  to  carry  the  fluids,  pressure 
devices  like  water  pumps,  and  instruments  here  and  there  to  measure  the  fluid 
flow  rate  and  pressure  differences..  A  fluid  system  that  uses  liquids  is 
called  a  hydraulic  system.  A  fluid  system  that  uses  gases  is  called  a  pneu¬ 
matic  system. 

The  fluid  system  we  referred  to  earlier — water  pumos,  connecting  hoses, 
engine  Olock,  radiator  and  water--is  found  in  every  automooile.  The  city 
water  system,  made  up  of  an  elevated,  water  tanic,  underground  pipes,  water 
meters,  house  plumping  and  faucets,  is  common  in  many  parts  of  our  country. 
Pneumatic  systems  involve  pressurized  gases  in  tubes,  cleverly  arranged  to 
move  and  control  key  mechanical  parts. 


Fig.  1-20  A  city  water  system  deoends  on  pressure  to  move  water. 
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PRESSURES  ACT  LIKE  FORCES 

'Whatever  fluid  system  we  examine,  we  find  that  all  have  several  things 
in  common.  First,  each  system  contains  a  fluid,  either  a  liquid  or  a  gas 
that  (noves  through  the  system  of  connecting  pipes  and  devices.  Second,  a 
pressure  difference  is  generated  in  the  system  to  awve  the  fluid  in  a  given 
direction  and  perform  some  special  function,  like  opening  or  closing  a  valve. 
In  this  sense,  pressure  acts  like  a  force  in  moving  fluid  through  the  sys¬ 
tem— in  much  the  same  way  that  a  mechanical  force  (a  push)  moves  a  box,  or  a 
rotational  force  (a  torque)'  tightens  a  bolt. 

PRESSURE  IS  A  FORCE  PER  UNIT  AREA 

Pressure  is  familiar  to  most  of  us.  We  all  recognize  the  need  for  air 
pressure  in  tires.  We  watch  lawn  sprinklers  barely  throw  out  water  wnen  the 
water  pressure  is  low.  We  hear  the  local  weather  forecaster  talk  aoout  a 
high-pressure  system  moving  in.  It  is  a  difference  in  pressure,  between  sep¬ 
arated  points  in  a  fluid  system,  that  causes  fluids  to  move  along  the  sys¬ 
tem — from  points  of  high  pressure  to  points  of  low  pressure. 

Pressure  is  defined  as  the  force  per  unit  area  exerted  by  a  fluid- 
liquid  or  gas.  In  the  form  of  an  equation,  pressure  is  defined  as: 


A 


where:  F  »  force  in  newtons  (N)  or  pounds  (lb) 

A  a  area  in_  square  meters  (m^)  or  square  incnes  (in^) 

P  a  pressure  in  or  lb/1n^ 

ATTiOSPHERIC  PRESSURE 

One  pressure  that  affects  our  daily  lives  is  atmosoneric  pressure.  Here 
on  earth,  we  live  at  the  bottom  of  a  thick  blanket  of  air.  At  sea  level,  the 
atmosonere  presses  down  on  us  and  everything  else  with  a  force  of  14.7  pounds 
for  every  square  inch  of  surface.  At  higner  altitudes — like  Pike's  Peak — the 
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pressure  is  a  little  less.  This  "ocean"  of  gases-the  atmosphere-is  a  blan¬ 
ket  of  air  that  extends  up  over  us  to  a  height  of  some  120,000  meters  (about 
75  miles).  We  call  the  force  per  unit  area  of  14.7  Ib/in^  (or  1.013  x  10 
N/ni^)  the  atanspheric  pressure.  It  acts. equally  ih  all  directions  and  pushes 
with  a  force  of  14.7  pounds  on  every  square  inch  of  surface—upwards,  down- 
wards,  or  sideways.  Since  pressure  acts  in  all  directions  at  any  point  in  a 
fluid—unlike  a  force  that  acts  in  specific  directions— it  is  a  scalar.  Thus 
pressure  is  completely  described  by  specifying  a  magnitude— no  direction  is 
requi red. 

ABSOLUTE  AND  SAGE  PRESSURE 

When  working  with  fluid  systems,  pressure  measurements  are  often  re¬ 
ported  as  absolute  pressure  or  gage  pressure.  It's  important  to  know  the 
difference.  Let’s  think  about  filling  a  tire  with  air.  We  use  a  pump  wnich 
forces  more  and  more  air  (molecules  of  oxygen,  nitrogen,  helium,  argon,  etc.) 
into  the  tire.  The  tire  fills  up  and  takes  on  a  rigid  shape.  If  we  check 
the  air  pressure  with  a  tire  gage,  it  might  read  30  Ib/in^.  What  does  that 
reading  mean?  Is.  it  30  Ib/in^  gage  pressure  or  30  Ib/in^  absolute  pressure? 

Lgt ‘ s  try  to  reason  it  out.  Absolute  pressure  is  the  total  pressure 
measured  above  a  reference  of  zero  pressure— a  perfect  vacuum.  Sage  pres¬ 
sure,  on  the  other  hand  is  the  pressure  measured  above  atmospheric  pressure. 
It  is  the  total  pressure  minus  atmospheric  pressure.  It  is  generally  mea¬ 
sured  by  a  gage,  hence  the  name  "gage  pressure.' 


GAGE  PRESSURE  =  TOTAL  PRESSURE  -  ATMOSPHERIC  PRESSURE 


So  the  tire  gage  reading  of  30  Ib/in^  is  a  gage  pressurel  It  means  that  '.he 
total  pressure  is  really  30  Ib/in*  +  14.7  Ib/in^  or  44.7  lb/in‘.  Inside  the 
tire  then,  whether  against  the  walls  or  treads,  the  trapped  air  pushes  out¬ 
wards  on  each  square  inch  of  tire  surface  with  a  force  of  44.7  lb.  But  on 
the  outside  of  the  tire,  the  atmosohere  pushes  inward  on  aacn  square  inch  of 
tire  surface  with  a  force  of  14.7  lb.  There  is,  then,  a  net  outward  push  on 
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each  square  inch  of  tire  surface  of  30  lb/1n^.  The  tire  gage  measures  this 
and  records  an  air  pressure  of  30  Ib/in^. 

Let's  solve  the  following  example  dealing  with  total  force  pushing  out¬ 
ward  on  an  airplane  window  while  the  plane  is  at  level  flight  high  above  the 
earth's  surface.  At  this  altitude,  the  pressure  of  the  atmosphere  would  be 
consideraoly  less  than  14.7  Ib/in^.  Why? 


EXAMPLE  1-G:  FORCE  ON  AN  AIRPLANE  WINDOW, 

Given:  An  airplane  window  with  surface  area  of  2  square  feet.  Air 

pressure  inside  the  caoin  is  3  pounds  per  square  inch  greater 
than  the  air  pressure  outside  the  window.  Assume  that  cabin 
is  pressurized  so  that  air  pressure  is  maintained  at  14,7 
Ib/in^— same  as  atmospheric  pressure  at  sea  level. 

Find:  (a)  The  net  force  on  the  window, 

(b)  Air  pressure  outside  the  plane. 

Solution:  (a)  p  ,  ^ 

A 

.  F  »  PA 

F  »  (  8  — )  ( 288  i n^ )  1  ft^  »  144  i n^ 

in-^ 

Force  »  2304  lb  pushing  outward  on  the  window. 

The  window  must  withstand  a  net  force  of  2304  lb. 

(b)  '’outside  ’  1^-7  Ib/in^  -  3  Ib/in^  =  5.7  Ib/in^ 

The  pressure  outside  is  less  because  the  plane  is  at  a 
high  altitude— and  only  part  of  the  75  mile  thicx 
blanket  of  air  (the  atmosphere)  now  exists  aoove  the 
plane. 


PRESSURE  INCREASES  WITH  DEPTH 

In  a  water  tank,  swimming  pool,  or  a  lake,  the  pressure  in  the  water  in¬ 
creases  with  deoth.  That's  not  too  surprising!  Let's  think  aoout  a  water 
tanx.  The  deeper  the  tank,  the  more  water  there  is  on  top  of  each  sauare 
inch  of  the  tank  bottom.  This  means  more  pounds  per  sauare  inch  on  the 
bottom— or  higner  pressure. 
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Fig,  1-21  Force  per  unit  area  on  bottom  of  tanic  depends  on 
heignt  of  water  column  above. 


Consider  two  identical  tanks,  A  and  B.  Tank  A  is  naif  full  of  water, 
Tank  3  is  full.  Think  about  a  square  inch  of  surface  at  the  bottom  of  Tank  A 
and  of  Tank  3.  The  column  of  water  “sitting"  on  a  square  inch  in  Tank  3  is 
twice  as  nigh  as  that  si tti ng^rcfi^fcjquare  inch  in  Tank  A.  The  column  of 
water  in  3  must  nave  twice  as  jnuch  weight  as  the  column  in  A.  Since  pressure 
is  force  per  unit  area  (and  weight  is  a  force),  it  is  clear  that  pressure 
Pg  at  the  bottom  of  Tank  3  should  be  twice  the  pressure  at  the  bottom 
of  Tank  A.  Suppose  that  Tank  3  were  half  as  wide  as  Tank  A,  but  depth  of 
water  remained  H  in  Tank  3  and  H/2  in  Tank  A,  just  as  shown  in  Figure  1-21. 
Would  P3  still  be  twice  P;\? 

We  can  put  this  all  in  a  simple  equation  which  tells  us  just  how  pres¬ 
sure  in  a  liquid  (or  gas)  increases  with  depth.  The  equation  is: 


P  ■  ogh 


wnere: 


p  a  mass  density  (like  kg/m^).  (Here  o  ts  the  Greek  letter  *Pho“) 
g  a  acceleration  due  to  gravity  (9.3  m/s^) 
h  a  liquid  height  (m) 

P  a  pressure  in  N/m^ 
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In  tne  English  system  of  units,  we  usually  talk  about  weight  density  (Ib/ft^) 
or  just  "density."  Since  we  don't  use  mass  density  (slugs/ft^),  we  can  re¬ 
write  the  equation  as: 


P 


where:  »  weight  density  in  Ib/ft^ 

h  »  liquid  height  in  ft 
P  »  pressure  in  Ib/ft^ 

Let's  calculate  the  water  pressure  using  both  systems  of  units.  Consider  the 
following  example. 


EXAMPLE  1-H:  WATER  PRESSURE  CALCULATION. 


Given:  The  heignt  of  the  water  in 

a  water  system  is  100  ft 
(30.5  m)  above  a  faucet.  The 
mass  density  of  water  (metric 
units)  is  1000  kg/m^  .  The 
weight  density  of  water 
(English  units)  is 
62.4  Ib/ft^. 

Find:  The  pressure  at  the  faucet  in 

metric  and  English  units. 

Solution:  (a)  In  metric  units:  P  »  pgn 

»  (1000  kg/m^)(9.3  m/s^)(30,5  m) 

P  »  298,900  kg/m»s^ 

But  a  kg/m«s^  is  the  same  as  N/m*  (see  note  below) 

P  »  298,900  N/m^ ,  in  units  of  pressure. 


Note:  — 


^kq«m  ^ 


<q 

m«s' 


(refer  to  Table  1  for  neloy 
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(b)  English  Units:  P  » 

»  (62.4  1b/ft^)(l00  ft) 

»  6240  ]b/ft^ 

•  (6240  1b/ft^)(  1  ) 

144  in^ 

P  »  43.3  Ib/in^ 

The  units  have  been  converted  to  the  imre  familiar  pounds 
per  square  inch.  This  is  also  force  per  unit  area. 


HYDRAULIC  JACK 

Pressure  in  an  enclosed  fluid  pushes  against  all  surfaces  that  trap  the 
fluid.  The  hydraulic  jade  is  a  useful  device  that  involves  fluids  to  create 
a  large  lifting  force  on  a  flat  surface.  The  automobile  lift  in  inost  garages 
is  an  example  of  a  hydraulic  piston~or  hydraulic  jade— in  action.  The  fol¬ 
lowing  example  shows  how  pressure  in  a  fluid,  caused  by  pressing  down  on  a 
handle  to  squeeze  the  fluid,  is  transmitted  to  a  large  surface  area  and  de¬ 
veloped  into  a  large  lifting  force  at  that  surface. 


Given: 


Find: 

Solution: 


EXAMPLE  l-I:  FLUID  PRESSURE  IN  A  HYDRAULIC  JACK. 


A  hydraulic  jade  is  rated  at 
4000  lb  lifting  capacity  and 
has  a  large  piston  with  a 
diameter  of  2  inches. 

Fluid  pressure  in  the  jade  at 
maximum  load. 

Area:  A  »  nr^ 

-  (3.14)(1  in)2 
A  =  3.14  in-2 

P-1 

A 

-  (4000  lb)  +  (  3.14 
P  =  1274  Ib/in^ 


40001b 


Thus,  the  fluid  pressure  througnout  the  inside  of  the  jacx, 
wnerever  fluid  is  found,  is  1274  Ib/in'. 
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EQUILIBRIUM  IN  FLUID  SYSTEMS 

Motion  occurs  in  a  fluid  system  because  pressure  differences  exist  be¬ 
tween  different  points  in  the  system.  It  is  for  this  reason  that  it's  useful 
to  thinlc  of  pressure  acting  like  a  force  in  fluid  systems.  Let's  make  this 
point  a  little  clearer.  Figure  1-22  shows  two  tanks  connected  by  a  pipe  con¬ 
taining  an  on-off  valve.  The  pressure  at  the  bottom  of  each  tank  is  differ¬ 
ent  because  the  water  level  in  Tank  2  is  higher  than  in  Tank  1.  The  pressure 
,  at  the  bottom  of  Tank  1  is  less  than  P2,  the  pressure  at  the  bottom  of 
Tank  2.  Now  if  the  pipe  between  the  two  tanks  is  connected  to  each  tank  at 
the  bottom,  then  the  pressure  on  the  left  side  of  the  valve  is  ?i^  and  that  on 
the  right  side  is  Pj.  Therefore,  there  must  be  a  pressure  difference  across 
the  valve.  What  happens  if  the  valve  is  opened? 


Fig.  1-22  Unoa lanced  pressures  across  valve. 

Since  pressure  P2  is  greater  than  ,  there  will  be  a  force  per  unit 
area  on  the  rignt  side  of  the  valve  greater  than  the  force  per  unit  area  on 
the  left  side  of  the  valve.  Water  will  then  flow  through  the  valve  from  Tanx 
2  to  Tank  1  until  the  leve.ls  in  the  two  tanks  are  equal.  When  water  depths 
in  Tank  1  and  Tank  2  are  equal,  Pi  and  ?2  will  be  equal,  and  the  system  will 
be  in  equilibrium.  This  situation  is  shown  in  Figure  1-23. 

Note  that  Tank  2  is  larger  and  has  more  water  than  Tank  1.  3ut  pressure 
depends  only  on  the  depth.  It  does  not  deoeno  on  the  shaoe  of  the  container 
or  the  amount  of  water  it  holds.  And  since  the  depths  are  eoual ,  the  pres¬ 
sures -are  equal,  quite  independent  of  the  unequal  volumes  of  water  in  each 
tanx. 
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Fig.  1-23  Salanced  pressures  across  valve. 

HEASURIN6  PRESSURES 

The  same  principles  we  talked  about  in  the  illustration  of  the  two  tanks 
connected  by  a  pipe  are  used  in  an  instrument  to  ineasure  gas  pressure.  This 
useful  instrument  is  called  a  manometer.  It  is  a  U-shaped  glass  tube  par¬ 
tially  filled  with  mercury.  Much  heavier  than  water,  mercury  has  a  weight 
density  13.6  times  that  of  water.  Thus,  since  water  has  a  weight  density  of 
62.4  Ib/ft^,  mercury  has  a  weight  density  of  13.6  x  62.4  Ib/ft^  or  34U.6 
Ib/ft^ . 


Fig.  1-24  (Manometers 


UKiEAUAL.  P(2£.2Sue£5 


used  to  measure  pressures . 
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In  the  left  part  of  Figure  1-24,  Gas  A  and  Gas  3  are  at  the  same  pressure. 
Each  exerts  the  same  force  per  unit  area  on  the  two  mercury  columns  in  the 
U-tube.  Since  Pa  ■  Pg,  at  the  top  of  each  mercury  column,  the  mercury 
must  be  at  the  same  level  in  each  arm,  so  »  h3.  In  the* right  part  of 
Figure  1-24,  Gas  C  is  at  a  higher  pressure  than  Gas  A,  It  pushes  down  harder 
on  the  right  column  of  mercury  than  does  Gas  A  on  the  left  column.  The  mer¬ 
cury  column  therefore  moves  down  in  the  right  arm  and  up  in  the  left  arm.  By 
measuring  the  difference  in  height  of  the  two  columns  of  mercury  in  the 
U-tuoe,  and  using  the  equation  P  »  discussed  earlier,  we  can  calculate 
the  difference  in  pressure  between  Gas  A  and  Gas  C.  Then,  if  we  snow  the 
pressure  of  Gas  A,  we  can  calculate,  the  pressure  of  Gas  C.  We  shall  try  this 
in  a  laooratory  exercise. 


SELf-CHECX 

1.  Thintc  about  a  washing  machine.  Is  it  .made  up  of  different  energy  sys¬ 
tems?  Can  you  name  them? 

"^^^-Thinx  about  the  fluid  system  in  a  washing  machine.  What  are  the  parts? 
—  What  causes  the  pressure  that  forces  the  water  around? 

3.  Define  pressure  in  your  own-  words.  What  units  are  used  to  measure  pres¬ 
sure? 

4.  Some  bicycle  tires  are  filled  with  air  until  the  tire  gage  reads  55 


lb/1n^ . 


a.  What  is  the  gage  pressure? 

b.  What  is  the  absolute  pressure  inside  of  the  tire?  (Assume  a  normal 
atmospneric  pressure  of  14.7  Ib/in^.) 

c.  What  is  the  absolute  pressure  outside  of  the  tire? 

d.  What  is  the  net  force  on  each  square  inch  of  the  tire  wall?  Which 
direction  does  this  force  act? 

5.  Two  cylindrical  glass  beaxers  of  the  same  height  are  filled  with  water. 
One  beaxer  has  four  times  the  diameter  of  the  other,  so  it  holds  much 
more- water. 

a.  How  do  the  pressures  at  the  bottom  of  each  beaxer  comoare? 

b.  Which  beaxer  has  the  larger  force  pressing  down  on  its  bottom? 

0.  How  much  does  one  cubic  foot  of  water  weign  in  pounds?  in  newtons? 
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7.  What  is  the  mass  of  one  cubic  canti meter  of  water  in  grams? 

3.  The  height  of  the  water  level  in  a  city  water  system  is  150  feet  above  a 
faucet. 

a.  What  is  the  water  pressure  at.  the  faucet  in  Ib/in^? 

b.  What  is  the  water  pressure  at  the  faucet  in  N/m^? 

9.  How  does  a"  hydraulic  jack  develop  large  forces  to  lift  heavy  objects? 

Explain  carefully.  Use  a  rough  drawing  to  help  show  your  ideas. 

10.  Pressure  depends  on  height,  as  we  have  learned.  Because  of  this,  one 
often  gives  the  atmospheric  pressure  reading  in  terms  like  "TSO  ran  Hg." 
What  does  this  mean?  How  can  a  height  of  mercury  in  a  tube  be  converted 
to  real  pressure  units  in  N/m^— or  in  Ib/in^? 
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INTERMEDIATE  OBJECTIVE  " 


Connect  test  system  to  measure  force  and  pressure  relationships. 


LEARNING  STEPS  (Activities) 

1.  Refer  to  information  sheets  cited  in 
Resource  #1  for  review  of  force  in 
fluid  systems. 

2.  Perform  the  activities  cited  in 
Resource  #2  to  learn  how  pressure  and 
force  are  related. 


3.  Complete  the  test  circuit  procedure 
cited  in  Resource  #3  to  assure 

sub j  ect  compr ehens ion . 

4.  Complete  the  evaluation  for  this  termin 
obj  ective. 


Proceed  to  the  learning  guide  cited 
in  Resource  #5. 


RESOURCES 

1.  Information  Sheet  #1  begins  on  page  4. 


2.  Procedure  Sheet  #1  begins  on  page  16. 


3.  Procedure  Sheet  #1  test  circuit 
procedure  begins  on  page  18. 


4.  See  your  instructor  for  the 
evaluation  instrument  for  this 
Intermedicat e  Objective. 

5.  See  instructor  for  student  learning 
guide  217. 
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9  SUBJECT:  PRESSURE  S,  FORCE  ACTIVITY 

^  OBJECTIVE:  To  advance  and  retract  a  doudie  acting 

cylinder  wltti  50  lbs.  of  force  and  retract 
wltfi  full  line  pressure  wltfi  speed  control 


#  .MATERIALS 

NEEDED;  1  -  BRAT300  PNEUMATIC  TRAINER 
1  -  Single  air  piloted  valve 
1  -  Pneumatic  input  swltcP- 
1  -  Doudie  Acting  Cylinder 
1  -  Pressure  regulator 
1  -  Flow  control  valve 
3  -  Air  line  hoses  with  fast  disconnects 


#  PROCEDURE;  Using  the  above  listed  comoonents.  set  lid  the 


pneumatic  circuit  as  shown  in  Illustrations 
1  s  2. 
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R3RCE  (F)  »  PRESSURE  (P)  X  AREA  OF  CYLINDER  (A) 
FORCE  REQUIRED  -  50  LBS. 


PROCEDURE  SHEET 


TEST  CIRCUIT  PROCEDURE 

VQ  1  -  ChecK  ail  connections  as  indicated  in  illustrations 

a  2  -  Adjust  pressure  witn  regulator  to  aoorox.  41  PSI  on  gauge 

Q  3  -  Close  flow  control  valve,  tfien  ooen  1/2  turn 

a  4  -  Activate  air  inout  switctii  cylinder  should  move  forward 

with  50  lbs.  of  force  at  full  speed 

a  5  -  Deactivate  air  ihout  switch,  cyiihder  should  retract  slowly 

a  5  -  Adjust  flow  cohtrol  for  various  soeed  observatiohs 


♦  FORMULA  PROBLEM* 


a  1  -  Usihg  the  formula  on  the  preceedlhg  page,  chahge  the 
force  reauired  to  25  LBS  and  recalculate  the  formula 
below  ahd  reset  the  pressure  regulator  ohd  follow  the 
test  circuit  procedures  with  the  new  calculatiohs. 
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niRECmONS: 

nil:  PURPOSE  OP  Tins  E>L\M  IS  TO  DETERMINE.  WHE.TliER  OR  NOT  YOU  HAVE 
UNDERSTOOD  niE  INFORMATION  ON  PRESSURE  AND  FORCE  AS  THEY  APPLY 

TO  A  FLUID  SYSTEM. 


fuich  of  the  questions  or  incomplete  statements  below  is  followed  by 
.several  words,  phrases,  or  a  series  of  numbers.  Choose  the  one  which 
best  answers  the  question  or  completes  the  statement  correctly.  Place 
the  letter  associated  with  that  choice  (A,B,C  or  D)  in  the  numbered 
blank  .space  on  your  ,\NSWER  SHEET.  DO  NOT  WRITE  ON  THIS  TEST!!!  To 

master  this  exam  you  must  answer  ip _ out  of  ip _ 

items  correctly,  IPP _ 
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Complete  the  following  questions. 


1.  What  are  the  units  for  fluid  pressure? 

2.  What  is  relative  pressure? _ 


3.  What  is  absolute  pressure? 


4.  Atmospheric  pressure  is  a  constant  value 


5.  How  does  a  hydraulic  jack  develop  large  forces  to  raise  heavy  objects? 


6.  How  does  a  pressure  regulator  reduce  pressure? 


7.  A  flow  control  valve  reduces  flow  by 


8.  Write  the  formula  for  calcutating  pressure,  force  and  area. 


10.  How  much  does  one  cubic  foot  of  water  weigh  in  pounds? 
In  newtons? 
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Identify  Battery  Characteristics 
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(Soecifv) 

_ _  Cartridge 

TZ  Availability: 

_ — „  One  coDv  free  For  sale  @  S  per  copy  — .  Not  available 

^  In  ERIC  system  (No.  )  ____  Loan  coby  ayailable 

Contact:  Mama  East  Central  Network  for  Curriculum  Coord. _ Phone  ? ^ ^ >  786-6575 

Illinois  Vocational  Curriculum  Center 

Afirtrp<i>  Sangamon  State  University.  Building  F _ Zio  rnna  62708 _ 

_ Springfield  TT. _ 

13.  Copyright  Restrictions; 

Contact;  Mamp  N'^MF  Phnna  (  ) _ 


Address. 


14 


What  leyel(s)  of  assistance  is  required  to  proyide  implementation  of  this  outcome? 


awareness 

deciding 


understanding 

implementing 


Zip  Code 


15.  Are  Consultive/lnservice  (or  staff  development)  available?  Yes____  Nn  f 

Contact;  Illinois  State  Soard  of  Education 

Department  of  Adult.  Vocational  and  Technical  Education 

Research  and  Development  Section.  E-426 

100  North  First  Street 

Springfield.  IL  62777 

(217)  782-4620 


16  General  Oescnotion  (State  the  general  obiective  and  suggested  method  of  use.  Summarize  the  content  and  tell  how  it  is 
organized.  Write  the  description  so  that  it  can  be  used  to  promote  the  material.  Continue  on  back  of  this  sheet  or  on 
another  sheet.  il  necessary  j 

Cnmpetenc.v-hased  learning  guides  for  learning  basic  skills/knowledge _ 

’  7  Oerson  Comoietmg  this  Ah«!trarr  Richard  W.  Glogovskv _ 

Lake  County  Area  Vocational  Center 
Full  Aooress  19525  West  Washington  Street 

Grayslake  IL  60030 


LEARNING  GUIDE  TITLES: _ _ 

1.  Write  a  numerical  control  program  for  drilling  and  tapping  operations 

2.  Tape  and  punch  NC  program.  Dry  run  program  and  perform  machining  operation-s.,  (rough  draft) 
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TASK:  WRITE  A  NUMERICAL  CONTROL  PROGRAM  FOR  DRILLING  AND 

TAPPING  OPERATIONS  I 

’ 

PURPOSE;  This  guide  will  explain  the  steps  used  in  writing  a  numerical 

control  (NC)  or  computer  numerical  control  (CNC)  machining 
program.  The  part  print  will  be  analyzed  to  determine  the 
machine  tool,  process  steps,  tooling,  holding  fixture  and 
starting  point.  The  sequence  of  operations,  positioning, 
speeds  and  feeds,  and  other  data  will  be  entered  on  the 
program  manuscript.  The  program  will  be  proofread  and 
dry  run. 
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LEARNING  CONTRACT  (optional) 


1.  STUDENT  DATA 


NAME 


SOCIAL  SECURITY  NUMBER 


LENGTH  OF  CONTRACT  (NORMAL  TIME  IN  HOURS) 


2.  TERMINAL  PERFORMANCE  OBJECTIVE 

Given:  '  The  necessary  information,  supplies  and  equipment 

You  will:  Write  a  numerical  control  program  for  drilling  and  tapping  operations 

How  well:  To  master  this  task  you  must  score  80  out  of  106  points 
to  score  77  %  on  a  programming  form.  ~ 


2a.  INTERMEDIATE  OBJECTIVE(s) 

1.  Identify  steps  used  in  writing  an  NC  program 

2.  Identify  fixture,  clamps,  zero  location  point  and  part  setup  point 

3.  Calculate  R  and  Z  depths 

4 .  Develop  NC  program  operation  steps 

5 .  Develop  an  NC  program 


3.  AGREEMENT 


requirement  within 


_  agree  to  complete  the  above  stated  terminal  performance 
to _ I  further  recognize  that  the  conditions  of  the 


contract  (performance  and  time  agreement)  report  my  ability  to  perform  the  requirements  of  the 
occupation  and  record  my  progress. 


Student’s  Signature 


Instructor's  Signature 
(verifies  competency) 
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INTERMEDIATE  OBJECTIVE 


1. 


Identify  steps  used  in  writing  an  NC  program 


LEARNING  STEPS  (Activities) 

1.  Read  resource  to  learn  about  the 
steps  used  in  writing  an  NC  program. 

2.  Analyze  the  part  print  to  determine 
machining  processes  -  see  resource  #2 . 


RESOURCES 

1.  Review  information  sheet  f^l,  page  4 
in  this  learning  guide. 

2.  Review  information  sheet  #2,  page  5 
in  this  learning  guide. 


3.  Determine  the  tooling  needed  for  this 
project  -  see  resource  ^3. 


3.  Review  information  sheet  #2,  page  5  in 
this  learning  guide. 


4.  See  resource  ^4  to  determine  machining 
feeds  and  speeds.  List  values  on 
information  sheet  ^3  (Tooling  Sheet) . 


4 .  Fundamentals  of  Numerical  Control, 
pages  230-23^ 

and 

Information  sheets  ^3,  4,  5  §  6, 
pages  6,  7,  8  ^  9  in  this  learning 
guide 


r- 

D  . 


Go  to  next  intermediate  objective 
listed  in  resource  #5. 


5. 


Intermediate  objective  ^2,  page  10 
in  this  learning  guide. 
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INFORMATION  SHEET  #  3 


TOOLIIJG  SHSST 


Part  No* 
Part  Name 
Customer 


Programmer 

Date 


mteriaa. 

Tool 

Position 

Offset 

Number 

Tool 

Description 

Tool 

Number 

Speed 

rpm 

Peed 

ipm 

Comments 

Suggested  Cutting  Rates  Using 


Speed  Steel  Cutting  Tools 


Drilling 

sfm 

Reaming 

Turning 

f*m 

Tapping 

Mlling 

Aluminum 

250-600 

100-300 

400- 

-1000 

90 

0 

0 

rn 

1 

CD 

0 

0 

Brass 

free  cutting 

150-300 

130-200 

225. 

-350 

100 

150- 

-300 

Bronze, soft 

100-250 

75-1  So 

150' 

-225 

75 

100- 

-250 

Cast  iron 

Soft 

75-1 50 

60-1 00 

100- 

-150 

40 

75' 

-15S*' 

Medium 

70-1 00 

30-65 

75- 

-120 

30 

70- 

-1  00 

Hard 

60-1 00 

20-55 

50- 

-90 

20 

50 

-80 

Copper 

60-1  00 

I4.0-60 

100- 

-200 

40 

80 

-140 

Magnesium 

300-650 

150-350 

600 

-1200 

150 

300 

-600 

Steel 

Free  machining 

IOO-II4.5 

60-100 

125 

-200 

40 

100 

-180 

Under  0*3  carbon 

70-1  20 

50-90 

75 

-175 

35 

70 

-120 

0.3  to  0.6  carbon 

55-90 

J+5-70 

65 

-120 

25 

bb 

-90 

Over  0.6  carbon 

14.0-69 

40-50 

60 

-80 

20 

40 

-60 

Ti tanium 

30-60 

10-20 

25 

30 

25 

-50 

•if"  Suggested  rates  -  machining  variables  may  require  changing  rates* 

Gutting  rate  can  be  converted  to  spindle  speed  by  using  the  formula: 

(Basic  formula) 


.  sfm  X  12 _ 

tTN  X  diameter  of  cutter 

(Simplied  formula) 

_  C  X  sfm _ 

^ _ diameter  of  cutter _ 

Constant  =  I}. 


Example 


3/8;  drill  in  SAE  1 030  steel 


rpm 


=  4  X  70 

.375 


rpm  =  740 

Hounded  off  rpm  =  75^^ 
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INFORMATION  SHEET  #  I* 


pOTTTTTjr.  RATS 


■o /■^ ^ H A Peeds  Por  Drilling ■ 

Diameter  or  Drill 
•  ( inches  ) 

Peed 

finches  per  revolution) 

under  1  /ti 

1/8  to  1  /4 

1/4  to  1/2 

1/2  to  1 

1  inch  and  over 

.001  to  .002 

.002  to  .004 
.004  to  .007 
.007  to  .015 
.015  to  .025 

Feed  rate(I?i-I)  =  Feed(I?R)  x  spindle  speed 


Example 

3/8  drill  in  SA3  IO3O  steel 

p06d  rate  “  .OOLi.  x  74-^ 

=  2.98i+(I?H) 


TtPPIHG  SPTTJnLB  HATE  (RPM^  AMD  CTTTIHG  PBEO.aATS 


■Tanning  spindle  rate(aPM) 

Example 

5/16  -  21i.  tap  in  SAE  1 030  steel 
Spindle  rate(HPM)  ~ 

RPM  =  144-8  ^ 

St  Because  of  tiie  many  variables  in 
cutting  threads  using  a  tap,  some 
production  machine  shops  use 
of  the  calculated  spindle  rate. 

25 fo  Ox  144.8  =112  RPM 


Tapping  cutting  feed  rate(IPM) 
Example 

5/‘l6  -  24  tap  in  SAE  1 030  steel 

Peed  rate  =  Lead(IPR)  on 

Lead  x  RPM 

Peed  rate  =  *014.17  ^  112 
=  4.87  (IPM) 

Lead  -ciireads  per  men 

I 

jusad  = 

Lead  =  •  04I  7 
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INFORMATION  SHEET  #5 


THREAD  ELEMENTS  AND  TAP  DRILL  SIZES 

t 


Tliread  Slementa  and  Tap  Drill  Siaea  Unified  ITational 
Coarse  Thread  Series 


Sizes 

Threads 
Per  Inch 

DIAMETERS  (Basics 

TAP  DRILLS 

Major 
Diameter 
— Inches 

Pitch 
Diameter 
— Inches 

Minor  Diameter  Inches 

Tap  Drill 

To  Produce 
Approx. 
75%  Full 
Thread 

DecimsLl 

Equivalent 

of 

Tap  Drill 
—  Inches 

Ext.  Thds. 

Int.  Thds. 

1 

64 

.073 

.0629 

.0638 

.0561 

No.  53 

.0595 

2 

66 

.086 

.0744 

.0641 

.0667 

No.  50 

.0700 

3 

48 

.099 

.0855 

.0734 

.0764 

No.  47 

.0785 

4 

40 

.112 

.0958 

.0813 

.0849 

No.  43 

.0890 

5 

40 

.125 

.1088 

.0943 

.0979 

No.  38 

.1015 

6 

32 

.138 

.1177 

.0997 

.1042 

No.  36 

.1065 

8 

32 

.164 

.1437 

.1257 

.1302 

No.  29 

1360 

10 

24 

.190 

.1629 

.1389 

.1449 

No.  25 

.1495 

12 

24 

.216 

.1889 

.1649 

.1709 

No.  16 

.1770  _ 

1/4 

20 

2800 

.2175 

.1887 

.1959 

No.  7 

.2010 

6/16 

18 

.3125 

.2764 

.2443 

.2524 

Let.  F 

.2570 

3/8 

16 

.3780 

.3344 

.2983 

.3073 

5/16 

.3125 

7/16 

14 

.4375 

.3911 

.3499 

.3602 

Let.  U 

.3680 

1/2 

13 

.6000 

.4600 

.4056 

.4167 

27 '64 

4219 

9/16 

12 

.5625 

.5084 

.4603 

.4723 

31  64 

.4844 

5/8 

11 

.6250 

.5660 

.5135 

.5266 

17/32 

.5312 

3/4 

10 

.7500 

.6850 

.6273 

8417 

21/32 

.6562 

7/8 

9 

.8750 

.8028 

.7387 

7547 

49 '64 

7656 

1 

8 

1.0000 

.9188 

8466 

8647 

7 ’'8 

.8750 

1  1/8 

7 

1.1250 

1.0322 

.9407 

.9704 

63^64 

.9844 

1  1/4 

7 

1.2500 

1.1572 

1.0747 

1.0954 

1  7/64 

1.1093 

1  1/2 

6 

1.5000 

1.3917 

1.2955 

1.3196 

1  11/32 

1  4218 

1  3/4 

5 

1.7800 

1.6201 

1.5046 

1.5335 

1  9/16 

1.5625 

2 

4  1/2 

2.0000 

1.8557 

1.7274 

1.7594 

1  25/32 

1.7812 

2  1/4 

4  1/2 

2.2500 

2.1057 

1.9774 

2.0094 

2  1/32 

2.0312 

2  1/2 

4 

2.5000 

2.3376 

2.1933 

2.2294 

2  1/4 

2.2500 

2  3/4 

4 

2.7500 

2.5876 

2.4433 

2.4794 

2  1/2 

2.5000 

3 

4 

3.0000 

2.8376 

2.6933 

2.7294 

2  3/4 

2.7500 

■ 

V. 
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information  sheet  ^6 

THREAD  ELEMENTS  AND  TAP  DRILL  SIZES 


Tliread  Slementa  and  Tap  Drill  Sixes  Unified  National  Fine  Tlixead  Series 


Sizes 

Tlireculs 
Per  Inch. 

DIAMETERS  (Basic) 

TAP  DRILLS 

Major 
Diameter 
— Inches 

Pitch 
Diameter 
—  Inches 

Minor  Diameter 
Inches 

Tap  Drill 

To  Produce 
Approx. 
75%  Pull 
Thread 

Decimal 

Equivalent 

of 

Tap  Drill 
—  Inches 

Ext.  Thds. 

Int.  Thds. 

0 

80 

.060 

.0619 

0447 

.0466 

3/64 

0469 

1 

72 

.073 

0640 

.0560 

.0580 

No.  53 

0595 

2 

64 

.086 

.0759 

.0668 

0691 

No.  50 

.0700 

3 

56 

.099 

.0874 

.0771 

.0797 

No.  45 

0820 

4 

48 

.112 

.0985 

.0864 

0894 

No.  42 

.0935 

6 

44 

.125 

.1102 

.0971 

.1004 

No.  37 

.1040 

0 

40 

.138 

.1218 

.1073 

.1109 

No.  33 

.1130 

8 

36 

.164 

.1460 

.1299 

.1339 

No.  29 

.1360 

10 

32 

.190 

.1697 

.1517 

.1562 

No,  21 

.1590 

12 

26 

SilQ 

.1928 

.1722 

.1773 

No.  14 

,1820 

1/4 

28 

2500 

.2268 

.2060 

.2113 

No.  3 

2130 

5/16 

24 

.3125 

.2854 

.2614 

2674 

Let.  I 

2720 

3/8 

24 

.3750 

.3479 

.3239 

,3299 

Let.  0 

3346 

7/16 

20 

.4375 

.4060 

.3762 

3834 

25 '64 

3906 

1/2 

20 

.8000 

.4675 

.4387 

.4459 

29 '64 

4531 

9/16 

18 

5628 

8264 

4943 

5024 

33/64 

5166 

8/8 

18 

.6250 

.5889 

5568 

5649 

37^64 

5781 

3/4 

16 

.7500 

,7094 

6733 

.6823 

1  .!  16 

6875 

7/8 

14 

.8750 

.8286 

7874 

79'^7 

13/16 

8125 

1 

12 

1.0000 

.9549 

8978 

9098 

59/64 

9219 

1  1/8 

12 

1.1250 

1.0709 

1.0228 

1.0348 

1  3.^64 

1.0469 

1  1/4 

12 

1.2500 

1.1969 

1.1478 

1.1598 

1  11. '64 

1  1719 

1  1/2 

1  12 

1.6000 

1.4459 

1.3978 

1  4098 

1  27/64 

1.4219 
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INTERMEDIATE  OBJECTIVE 

2.  Identify  fixture,  clamps,  zero  location  point  and  part  setup  point 


LEARNING  STEPS  (Activities) 

1.  Use  resource  #1  to  identify  fixture 
and  clamps  required  to  hold  piece 
part . 

2.  Determine  machine  start  zero  point 
identified  in  resource  #2 . 

3.  Use  resource  #3  to  determine  setup 
point. 


4.  Complete  reviejat. exercise  listed  in 
resource  #4  to  check  your  understanding 
of  intermediate  objectives  1  and  2. 

5 .  Use  resource  ^5  to  check  your  answers 
to  review  exercise  #1. 

6.  To  correct  any  wrong  answers  on  review 
exercise  ^^1,  re-read  resources  #3^4. 

7.  Go  to  next  intermediate  objective 
listed  in  resource  #7. 


RESOURCES 

1.  Information  sheet  ^7,  page  11  in  this 
learning  guide. 

I 

2.  Information  sheet  ^8,  page  12  in  this 
learning  guide. 

3.  Information  sheet  #8,  page  12  in  this 
learning  guide 

and 

Terco  CNC  Mi 11 trainer  Manual,  page  12 


4.  Review  exercise -H->-~p_age  13  in  this 
learning  guide. 

5.  Answer  sheet  for  review  exercise  #1 
on  page  26  in  this  learning  guide 

6.  See  resources  ^354  above. 


7.  Intermediate  objective  ^3,  page  14 
in  this  learning  guide. 


/ 
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information  sheet  #  7 

FIXTURE  AND  CLAMPING 


G lamping 
Bolt 
Part 


Location 

Fixture 


Work  Table 


Spacer  Blocks 


Spacer  blocks  used  for  maciiine  through  clearance. 

Spacer  blocks  not  required  for  blind  drilling  or  machining 
operations  not  penetrating  completely  through  the  part. 
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INTERMEDIATE  OBJECTIVE 


3.  Calculate  R  and  Z  depths 


INFORMATION  SHEET 


INFORMATION  SHEET  #10 


CALCULATING  R  AND  Z  DEPTHS 


R  depth: 

Tool  clearance: 

Drill  point 
allowance: 

Overtravel : 

Z  depth: 


Distance  tool  travels  in  rapid  traverse  to  part  surface 
(just  before  it  contacts  part  surface) . 

A  standard  distance  above  the  part,  usually  .100  inches. 

Allowance  which  is  equal  to  the  drill  point  length. 

It  is  equal  to  the  drill  diameter  x  .300. 

Distance  the  tool  must  travel  past  the  surface  to 
make  a  smooth  through  hole. 

Part  surface  Z  coordinate  +  depth  of  cut  +  drill  point 
allowance  +  overtravel. 


R  Depth 

R  and  Z  reference  plane 
Tool  clearance 
Total  R  depth 


-.350 
+  .100 
-.250 


Z  Depth 

Part  surface  Z  coordinate  =  .350 
Depth  of  cut  =  .750 
Drill  point  allowance  (.300  x  .750)  =  .225 
Overtravel  =  . 100 
Total  Z  depth  =  1.425 
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PROCEDURE  SHEET  n 


CALCULATING  R  AND  Z  DEPTHS 


1.  Tool  clearance 

2.  Drill  point  allowance 

3.  Overtravel 

4.  Calculate  R  depth 

Holes  A  §  B 


Holes  A  §  B  _ 
Holes  C  ^  D  _ 
Holes  A  §  B  _ 
Holes  C  §  D  _ 
Holes  A  §  B  _ 
Holes  C  §  D  _ 

Holes  C  §  D 


R  = 


R  = 


5 .  Calculate  Z  depth 
Holes  A  §  B 


Holes  C  ^  D 


Note:  Review  information  sheets  ^2,  9  5  10  on  pages  5,  15  S  16 

in  this  learning  guide  to  determine  your  answers . 
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TERMEDIATE  OBJECTIVE 


4.  Develop  NC  program  operations  steps 


LEARNING  STEPS  (Activities) 

1.  Using  resource  #1,  complete  the  heading 
and  tooling  portion  (marked  with  X}  on 
the  NC  Programming  Form. 

2.  Using  resource  #2,  list  all  process 
steps  in  the 'operation' column  on  the 
NC  Programming  Form  and  list  the 
remainder  of  the  operations  required 
in  producing  a  piece  part.  The  first 
six  operations  are  shown  on  the 
programming  form. 

3.  Use  resource  #3  to  check  your  operation 
sequence  placed  on  the  programming 
form. 

4.  Enter  all  appropriate  data  in  the 
'remarks'  column  on  the  NC  Programming 
Form  identified  in  resource  ^4.  The 
first  five  remarks  are  shown  on  the 
programming  form. 

5 .  Check  your  work  with  the  answer  sheet 
identified  in  resource  #5. 


6.  Go  to  next  intermediate  objective 
listed  in  resource 


RESOURCES 

1.  Information  sheet  ^11,  page  19  - 
NC  Programming  Form  -  in  this 
learning  guide. 

2.  Information  sheet  #11  -  same  as  above 


3.  Answer  sheet  -  NC  Programming  Form  - 

Operation,  page  28  in  this  learning 
guide.  ^ 

4.  Information  sheet  #11  -  same  as  above 


5 .  Answer  sheet  -  NC  Programming  Form  - 
Remarks,  page  29  in  this  learning 
guide . 

6.  Intermediate  objective  #5,  page  20 
in  this  learning  guide. 
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INFORMATION  5M£tl  ^^11 


LAKE  COUNTY  AREA  VOCATIONAL  CENTER 

,  .NUMERICAL  CONTROL  \ 

liy  ' 

TOOLING 

Tool 

Na 

Oescnption 

Soeed(rpm) 

Feeddpm) 

K  2. 

PROGRAMMING  FC 

K  ^ 

miVI 

4. 

5. 

Parr  No.  Oo.  No. 

Macfiine: 

I  Fixture  No. 

(Page  of  Page 

Pan 

Material:  / 

^Dimensions:  ^ 

bate:  ) 

^v: 

Ooeration 

Seq. 

No. 

Prep. 

Ftjnc.. 

X 

Position 

Y 

Position 

Z 

Position 

I 

Position 

J 

Position 

K 

Position 

Misc. 

F*jnc. 

Speec 

rpm 

iF^ 

I  iom 

lo^T 

No. 

Remarks 

Sraur-T 

CL  tfar- 

Mffm  a  rV 

/ 

P/xru>‘d 

ft 

mA  #-T  Qur^tkC't 

^  b^pTh 

Of^UL  HoC^A 

2.  ^^isrrA 

Mm  4  «  A 

I 

I 

I 

1 

1 

i 

1 

1 

1 

1 

1 

j 

1 

1 

1 

1 

» 

i 

1 

I 

I 

1 

i 
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INTERMEDIATE  OBJECTIVE 


5.  Develop  an  NC  program 


LEARNING  STEPS  (Activities) 

1 .  Review  the  programming  code  functions 
identified  in  resource  #1. 

2.  Using  the  part  print,  fill  in  the 
following  information  blocks  on  the 
NC  Programming  Form: 

a .  Seq .  No . 

b .  Prep .  Func . 

c.  X,  Y  §  Z  Positions 

d.  Misc.  Func. 

e.  Speed  rpm  ^  Feed  ipm 

f.  Tool  No. 

Use  codes  given  in  resource  #2  for 
assistance 

3.  Proofread  the  program  for  accuracy 
using  resource  ^3. 

4.  Submit  the  NC  program  to  your  instruc¬ 
tor  for  evaluation  of  work  completed. 
See  resource  ^4. 

5.  Complete  resource  ^5  to  check  your 
understanding  of  the  terminal  perfor¬ 
mance  obj  ective  and  to  measure  your 
ability  to  write  a  numerical  control 
program  for  drilling  and  tapping 
operations . 


RESOURCES 

1.  Information  sheets  #12,  13,  14  §  15, 

pages  21  ,  22  ,  23  24  in  this 

learning  guide. 

2.  Information  sheet  #2,  Part  Print,  on 
page  5  in  this  learning  guide 

and 

Information  sheet  #11,  NC  Programming 
Form,  on  page  19  in  this  learning  guide 

and 

Information  sheets  #12,  13,  14  ^  15 
on  pages  21,  22,  23  §  24  in  this 
learning  guide 

3.  Same  as  resource  #1  above 

4.  Instructor's  NC  program  solution  sheet, 
pages  30  5  31  in  this  learning  guide. 

5.  Performance /Product  Checklist,  page  25 
of  this  learning  guide. 
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INFORMATION  SHEET  #12 


EIA.  and  AIA  National  Codes 


PREPARATORY  FUNCTIONS 


G  Word 
GOO 

G01 

GO2' 

Goaj 

G04 


GO5] 

G07j 

G06 

G08 

G09 

G10') 

G11  > 

GI2] 

G13') 

G14( 

G15( 

GT6J 

Gl?] 

G18 

G193 

G20 

through 

G32 

G331 
G34 
G35  ) 


Explanation 

Used  for  denoting  a  rapid  traverse  rate  with  point-to-point  posi¬ 
tioning. 

Used  to  describe  linear  interpolation  blocks  and  reserved  tor 
contouring. 

Used  with  circular  interpolation. 

A  calculated  time  delay  during  which  there  is  no  machine  motion 
(dwell). 

Unassigned  by  the  EIA.  May  be  used  at  the  discretion  of  the  ma¬ 
chine  tool  or  system  builder.  Could  also  be  standardized  at  a 
future  date. 

Parabolic  interpolation. 

Acceleration  code.  Causes  the  machine,  assuming  capability,  to 
accelerate  at  a  smooth  exponential  rate. 

Deceleration  code.  Causes  the  machine,  assuming  capability,  to 
decelerate  at  a  smooth  exponential  rate. 

Normally  unassigned  for  CNC  systems.  Used  with  some  hard¬ 
wired  systems  to  express  blocks  of  abnormal  dimensions. 


Used  to  direct  the  control  system  to  operate  on  a  particular  set 
of  axes. 


Used  to  Identify,  or  select,  a  coordinate  plane  for  such  functions 
as  circular  interpolation  or  cutter  compensation. 

Unassigned  according  to  EIA  standards;  however,  they  may  be 
assigned  by  the  control  system  or  machine  tool  builder. 

Modes  selected  for  machines  equipped  with  thread-cutting  capabil¬ 
ities  and  generally  referring  to  lathes.  G33  is  used  when  a  constant 
lead  is  sought.  G34  is  usea  wnen  a  constantly  increasing  lead  is  re¬ 
quired,  and  G35  is  used  to  designate  a  constantly  decreasing  lead. 
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information  sheet  #13 


EIA  AND  AIA  NATIONAL  CODES  (continued) 


G36  I 
through  f 
G39  j 
G40 

G41 


G42 

G43' 

G44^ 

G45  I 
through} 
G49  3 

G50  I 
through  ■ 
G59 
G60 

through  / 

G69  3 

G70 

G71 

G72 

G73 

G74 

G75 

G76  ] 

through  > 

G79  3 

G80 

G81 

G82 

G83 

G84 

G85 

through  ^ 

G89 

G90 

G91 

G92 

G93 

G94 

G95 

G97 


Unassigned. 

A  command  which  will  terminate  any  cutter  compensation. 

A  code  associated  with  cutter  compensation  in  which  the  cutter  is 
on  the  left  side  of  the  work  surface,  looking  in  the  direction  of  the 
cutter  motion. 

A  code  associated  with  cutter  compensation  in  which  the  cutter 
is  on  the  right  side  of  the  work  surface. 

Used  with  cutter  offset  to  adjust  for  the  difference  between  the 
actual  and  programmed  cutter  radii  or  diameters.  G43  refers  to  an 
Inside  corner,  and  G44  refers  to  an  outside  corner. 

Unassigned. 


Reserved  for  adaptive  control. 


Unassigned. 

Inch  programming. 

Metric  programming. 

Three-dimensional. circular  interpolation-CW. 

Three-dimensional  circular  interpolatlon-CCW. 

Cancel  multiquadrant  circular  interpolation. 

Multiquadrant  circular  interpolation. 

Unassigned. 

Cancel  cycle. 

Drill,  orspotdrill,  cycle. 

Drill  with  a  dwell. 

Intermittent,  or  deep-hole,  drilling. 

Tapping  cycle. 

Boring  cycles. 

Absolute  input.  Input  data  is  to  be  in  absolute  dimensional  form. 
Incremental  input.  Input  data  Is  to  be  in  incremental  form. 

Preload  registers  to  desired  values.  An  example  would  be  to  pre¬ 
load  axis  position  registers. 

Inverse  time  feed  rate. 

Inches  (millimetres)  per  minute  feed  rate. 

Inches  (millimetres)  per  revolution  feed  rate. 

Spindle  speed  in  revolutions  per  minute. 
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INFORMATION  SHEET  ^^14 


EIA  AND  AIA  NATIONAL  CODES  (continued) 


G98) 

G99j 


Unassigned. 


M  Word 
MOO 

M01 


M02 

M30 


M03 

M04 

M05 

M06 

M07 

M08 

M09 

MIO] 

Mil] 

M12 

M13 

M14 

MI5] 

M16J 

MI7I 

M18i 

M19 

M20  1 

through  i 
M29  J 
M31 

M32  I 
through  / 
M39  3 

M40  ] 

through  > 
M46  J 


MISCELLANEOUS  FUNCTIONS 
Explanation 

Program  stop.  Operator  must  cycle  start  in  order  to  continue 
with  the  remainder  of  the  program. 

Optional  stop.  Acted  upon  only  when  the  operator  has  previously 
signaled  for  this  command  by  pushing  a  button.  When  the  control 
system  senses  the  M01  code,  machine  will  automatically  stop. 

End  of  program.  Stops  the  machine  after  completion  of  all  com¬ 
mands  In  the  block.  May  include  rewinding  of  tape. 

End  of  tape  command.  Will  rewind  the  tape  and  automatically 
transfer  to  a  second  tape  reader  if  incorporated  In  the  control 
system. 

Start  spindle  rotation  in  a  clockwise  direction. 

Start  spindle  rotation  in  a  counterclockwise  direction. 

Spindle  stop. 

Command  to  execute  the  change  of  a  tool  (or  tools)  manually 
or  automatically. 

Turn  coolant  on  (flood). 

Turn  coolant  on  (mist). 

Coolant  off. 

Automatic  clamping  of  the  machine  slides,  workpiece,  fixture, 
spindle,  etc.  M1 1  is  an  unclamping  code. 

An  inhibiting  code  to  synchronize  multiple  sets  of  axes,  such  as  a 
four-axis  lathe  having  two  independently  operated  heads  or  slides. 
Combines  simultaneous  clockwise  spindle  motion  and  coolant  on. 
Combines  simultaneous  counterclockwise  spindle  motion  and 
coolant  on. 

Rapid  traverse  or  feed  motion  in  either  the  +(M15)  or  -(Ml 6)  di¬ 
rection. 

Unassigned. 

Oriented  spindle  stop.  Spindle  stop  at  a  predetermined  angular 
position. 

Unassigned. 

A  command  known  as  interlock  bypass  for  temporarily  circum¬ 
venting  a  normally  provided  interlock. 

Unassigned. 


Used  to  signal  gear  changes  if  required  at  the  machine;  otherwise, 
iinassigned. 
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INFORMATION  SHEET  #15 


EIA  AND  AIA  NATIONAL  CODES  (continued) 


M47  Continues  program  execution  from  the  start  of  the  program  unless 
inhibited  by  an  interlock  signal. 

M48  Cancel  M49. 

M49  A  function  that  deactivates  a  manual  spindle  or  feed  override  and 
returns  to  the  programmed  value. 

M50  ] 

through  >  Unassigned. 

M57  J 

M58  Cancel  M59. 

M59  A  function  which  holds  the  RPM  constant  at  its  value  when  M59  is 
initiated. 

M60  ] 

through  V  Unassigned. 

M99  \ 


OTHER  ADDRESS  CHARACTERS 

Address 

Character  Explanation 

A  Angular  dimension  about  the  X  axis. 

B  Angular  dimension  about  the  Y  axis. 

C  Angular  dimension  about  the  Z  axis. 

D  Can  be  used  for  an  angular  dimension  around  a  special  axis,  for 

a  third  feed  function  or  for  tool  offset. 

E  Used  for  angular  dimension  around  a  special  axis  or  for  a  second 

feed  function. 

H  Unassigned. 

I  1 

J  >  Used  with  circular  interpolation. 

L  Not  used. 

0  Used  in  place  of  the  customary  sequence  number  word  address 

N. 

P  A  third  rapid  traverse  code  or  tertiary  motion  dimension  paral¬ 

lel  to  the  X  axis. 

Q  Second  rapid  traverse  code  or  tertiary  motion  dimension  paral¬ 

lel  to  the  Y  axis. 

R  First  rapid  traverse  code  or  tertiary  motion  dimension  parallel 

to  the  Z  axis  or  the  radius  for  constant  surface  speed  calcula¬ 
tion. 

U  Secondary  motion  dimension  parallel  to  the  X  axis. 

V  Secondary  motion  dimension  parallel  to  the  Y  axis. 

W  Secondary  motion  dimension  parallel  to  the  Z  axis. 
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PERFORMANCE/PRODUCT  CHECKLIST 


Program: 


Machine  Shop 


Task  No: 


032  -  Write  a  numerical  control  program  for  drilling 
and  tapping  operations 


Student’s  Name: 


Evaluator’s  Name: 


Date  Of  Attempt: 
Evaluation  Site:  _ 


Performance  Attempt:  12  3  4 


Terminal  Performance  Objective: 

Given  the  necessary  information,  supplies  and  equipment, 
you  will  write  a  numerical  control  program  for  drilling 
and  tapping  operations.  To  master  this  task  you  must 
score  80  out  of  106  points  to  score  77%  on  a  programming 
form. 


Directions  To  The  Student: 

Before  attempting  this  task  for  mastery,  carefully  review  this  checklist.  You  will  be  eval¬ 
uated  on  the  basis  of  this  checklist.  When  you  feel  you  are  ready  for  evaluation,  contact  your 

instructor.  You  must  complete  your  performance  within  — ^0 - minutes  and  must 

score  atleast_5£__outof_I06 _ pointsor - - %  for  mastery.  Critical 

Items  are  marked  with  an  asterisk  (*).  These  items  must  be  satisfactorily  completed. 


Directions  To  The  Evaluator: 

The  student  will  contact  you  when  ready  for  the  evaluation.  The  student  must  complete 

the  performance  within _ minutes  and  must  score - out  of - — 

points  or _ %  and  all  items  marked  with  an  asterisk  (’)  must  be  satisfactorily 

completed. 
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SOLUTION  SHEET  -  PROCEDURE 


CALCULATING  R  .4ND  Z  DEPTHS 


1.  Tool  clearance 

Holes  A  §  B ( -  .750  + 

o 

o 

II 

1 

.650 

Holes  C  §  D (-.250  + 

.100)  =  - 

1  .500 

2.  Drill  point  allowance 

Holes  A  5  B  -.113 

Holes  C  §  D  -.080 

3 .  Overtravel 

Holes  A  5  B  -.100 

Holes  C  5  D  zero 

4.  Calculate  R  depth 

Holes  A  §  B 

Holes  C  S  D 

R  &  Z  reference  plane  = 

-.250 

R  &  Z  reference  plane 

=  -.250 

Offset  amount  = 

-.500 

Tool  clearance 

=  +.100 

Tool  clearance  = 

+  .100 

R  depth 

o 

IT) 

1 

II 

R  depth 

-.650 

p  =  -  .650 

R  =  -.150 

5.  Calculate  Z  depth 

Holes  A  5  B 

Holes  C  ^  D 

Part  surface  Z  coordinate  = 

-  .750 

Part  surface  Z  coordinate  =  - 

.250 

Depth  of  cut  = 

-1 .500 

Depth  of  cut(  .750  + 

250)  =  -1 

.000 

Drill  point  allowance  = 

-  .113 

Drill  point  allowance 

=  - 

.080 

Overtravel  = 

-  .100 

Z  depth 

=  -1 

.330 

Z  depth  = 

-2.463 

:  =  -2.463 

:  =  -1  .330 
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ANSWER  SHEET  -  NC  PROGRAMMING  FORM  -  OPERATION 


NOOO 

NOOl 

N002 

NO  03 
N004 
N005 

Start 

Clamp  part 

Rapid  to  Hole  A 

Rapid  to  part  surface 
Drill  Hole  A 

Retract  Hole  A 

N006 

N007 

N008 

N009 

Rapid  to  Hole  B 

Rapid  to  part  surface 
Drill  Hole  B 

Retract  Hole  B 

NOlO 

NOll 

N012 

•N013 

Rapid  to  Hole  C 

Rapid  to  part  surface 
Drill  Hole  C 

Retract  Hole  C 

N014 

N015 

N016 

N017 

Rapid  to  Hole  D 

Rapid  to  part  surface 
Drill  Hole  D 

Retract  Hole  D 

N018 

N019 

Tap  Hole  D 

Retract  Hole  D 

N020 

N021 

N022 

Rapid  to  Hole  C 

Tap  Hole  C 

Retract  Hole  C 

N023 

N024 

N025 

Rapid  to  zero 

Stop 

Unclamp  part 

End  of  program 
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ANSWER  SHEET  -  NC  PROGRAMMING  FORM  -  REMARKS 


NOOO 

Clear  Memory 

NOOl 

Fixture 

N002 

From  fixed  zero 

N003 

R  depth 

N004 

Z  depth 

N005 

N006 

From  fixed  zero 

N007 

R  depth 

N008 

Z  depth 

NO  09 

Tool  change 

NOlO 

Letter  "I"  drill 

NOll 

R  depth 

N012 

Z  depth 

NO  13 

N014 

From  fixed  zero 

N015 

N016 

N017 

Tool  change 

N018 

5/16-24  tap 

N019 

■' 

N020 

From  fixed  zero 

N021 

5/16-24  tap 

N022 

N023 

Fixed  zero 

N024 

N025 

End  of  program 
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1.  Functions 
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N  000 -999  BLOCK  NUMBER.  For  block  numbers 
under  100,  the  zero  or  zeros  before  the 
figure  must  first  be  keyed  in. 

Block  numbers  901  —909  are  reserved  for 
tool  radius  compensation. 

G  00—  99  GENERAL  FUNCTIONS  i.e.  stating  how 
movement  of  the  milling  tool  shall  take 
place.^  . 

GOO  High  speed  500  mm/min,  positioning.//^.  ',^/ 

G  01  (Linear  control)  Linear  interpolation. 

G  02  (Circular  control  clockwise)  Circular  interpolation 
clockwise. 

G  03  (Circular  control  counter-clockwise)  Circular  inter¬ 
polation  counter-clockwise. 

G  04  Delay  in  J  seconds. 

G  12  Hole  milling  clockwise  (radius  given  in  I). 

G  13  Hole  milling  counter-clockwise  (radius  given  in  I). 

G  17  Selecting  of  operating  plane  XY. 


G  19  Selecting  of  operating  plane  YZ. 

G  25  Jump  to  another  blocknumber  (for  double  jump 
see  Ex.  8). 

G  40  Cancel  tool  radius  compensation.  - . 

G  41  fool  radius  compensation  left. 

G  42  Tool  radius  compensation  right. 

G  53  Return  to  previously  programmed  ref  .point. 

G  58  Change  of  ref.  point. 

G  73  Drilling-sycle  with  "step-feeding”,  step  of  J  mm 
with(^mn^re^urn  to  clear  cuttings.  ^ - 

G  81  Drilling  cycle  with  delay  of  J  seconds  in  the 
lowest  position,  return  with  fast  .  .ad  to  ZO. 

G  82  Drilling  cycle  with  fixed  delay  of  0.5  second:  in 
the  lowest  position,  return  with  fast  feed  to  ZO. 

G  83  Drilling  cycle  with  "step-feeding",  step  of  J  mm 
with  return  to  ZO.  '  - - 


G  18  Selecting  of  operating  plane  XZ. 
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■F  0-250  mm/min.  FEED  SPEED. 

S  0—9  SPINDLE  SPEED  in  rpm. 

51  500  rpm 

52  750  rpm 


M04  Spindle  rotation  —  counter-clockwise.  * 
M05  Spindle  stop. 

M06  Program  stop. 

M08  Coolant  on.  * 


53 

54 

55 

56 

57 

58 

59 


1000  rpm 
1250  rpm 
1 500  rpm 
1750  rpm 
2000  rpm 
2250  rpm 
2500  rpm 


0-9  TOOL  NUMBER 


M  00-99  MISCELLANEOUS  FUNCTIONS 
'M02  End  of  program  with  return  to  ref.  point. 
M03  Spindle  rotation  —  Clockwise. 


2.  Control  Lamps 


M09  Coolant  off.  * 

M10  Clamping  off  workpieces 

Ml  1  Release  of  workpiecs. 

M60  Change  of  workpieces 

M96  Circular  track  compensation  ON  (G4T| 

M97  Circular  track  compensation  OFF  (G42) 

XYZ  Programmable  length  000.00  ±  999.99  mm 

'  UK  Positioning  o'  circle  centre  with  reference  to  the 
start  point  during  circular  interpolation. 

The  start  point  goes  out  from  a  coordinate  system 
UK  where  I  lies  in  the  X  axis,  J  in  the  Y  axis  and 
K  in  the  Z  axis. 


For  Milling  machine  CNC  4430  only. 
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—  SYSXEIVI  STATUS 

MAIM  EXAMINE  UOAO  OUMP 

PROQ.  TAPE  TAPE 


BLOCK  MEMORY 
BY  BLOCK  FULL 


PARITY 
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POWER: 

RUN: 

MAN  PROG.: 

-EXAMlN&i- - - 

LOAD  TAPE: 

DUMP  TAPE: 

BLOCK  BY  BLOCK: 
MEMORY  FULL: 
PARITY: 


Indicates  that  power  is  available 
Indicates  that  the  program  is  running. 

Manual  programming. 

Indicates  when  an  examination  of  the  program  is  in  progress. 

Feeding  in  of  program  from  punched  tape  or  cassette 

Feeding  out  program  for  recording  by  punched  tape,  cassette  or  printer. 

Program  is  run  one  block  at  a  time^ 

Capacity  of  the  memory  bank  is  full. 

If  an  odd  number  of  holes  are  registered  in  any  parallel  row,  the  feeding  imo  the  memory 
will  stop. 
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3.  System  Control  and  Programming  Control. 


STOP: 
START: 
PROGR.: 
EXAMINE: 
load  TAPE: 


.^Stopsth.  program.  H«art  by  pressing  START  without  specifying  block  number. 
Complete  the  program  after  the  block  number  has  been  specified. 

For  manual  programming. 

Followed  by  the  block  number  which  is  to  be  examined. 

For  feeding  in  of  program  to  the  memory  from  punche  '  tape  or  cassette, 
ftoceed  as  follows: 

ftinchedTape:  • 

1.  Ensure  that  the  leads  with  CANON  plugs  are  connected  between  the  control  unit 
'■nd  the  tape  reader  CNC  4423. 

2.  Switch  the  power  ON  for  the  control  unit  and  for  tape  reader. 

3.  Remove  perspex  cover  protectirg  the  4  small  switches  and  switch  them  as  follows 

Left  harjd  switch  to  HDX. 

Two  switches  in  the  middle  —  not  relevant, 
flight  hand  switch  to  HIGH  SPEED. 

A.  Feed  in  tape  making  sure  that  the  holes  lie  in  the  sprockets. 

5.  Switch  upper  left  switch  marked  READER,  on.  An  indicating  lamp  will  light. 

6.  Press  LOAD  TAPE  on  the  control  unit. 

7.  Press  button  number  2  on  the  comrol  unit. 

Wien  the  program  has  been  fed  in,  the  LOAD  TAPE  indicating  lamp  goes  out. 
a.  Switch  off  the  tape  reader. 


Cassette 

1.  Ensure  interconnecting  leads  with  DIN  plug  and  remote  control  jack  plug,  are 
connected. 

2.  Place  cassette  in  the  tape  recorder  CNC  4437  and  run  the  tape  to  the  beginning  of 
the  program. 

3.  Switch  on  PLAY  button  on  tape  recorder  CNC  4437 . 

4.  Press  LOAD  TAPE  on  the  control  unit. 

5.  Press  button  number  3  on  the  control  unit. 

Cassette.will  start.  Note;  A  program  of  10  blocks  will  take  approx.  3  secs. 

Load  tape  indicating  lamp  goes  out  when  loading  is  complete,  and  cassette  auto¬ 
matically  stops. 

6.  Switch  of  tape  recorder. 
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DUMP  TAPE: 


block  by  BLOCK: 
TO  REF.  POINT: 
RESET: 

SET  REF  POINT: 

READ: 

CHANGE: 

INSERT  BLOCK: 

ERASE  BLOCK: 
END  OF  BLOCK: 
END  OF  PROGR.: 


2. 

3. 


taoe  or  a  cassette  or  writing  out  of  program  on 
Recording  of  program  on  a  punched  tap 

a  printer  CNC  4445. 

,  Switch  on,  tap.  punch,  audiocasscn.  or  printer. 

•  set  the  printer  to  iine  or  the  ';;:;,T;;'‘::,3tin,  iantp  ii,hta. 

■  ^^e^rtrnVnlhr  "X-  writ  heduntt^d  .ton,  the  ntentorv  to  th. 

?;'rLton  nunther  2  and  the  pro^am  wii,  be  duntped  front  the  ntentorv  to  the 

PrSon  number  3  and  th.  program  w.il  be  dumped  from  th.  memory  to  the 
audiocassette. 

block  at  a  time.  To  restart  normal  program,  press  START 
Excecutes  the  program  one  block  at  a  tim 

without  specifying  a  block  number. 

.... «  ~  "snr- "  "• ““ 

feed  rate,  first  in  the  Z  axis  and  then  rn  th.  X  Y  ax«. 


Reset  of  th.  system.  Only  to  be  used  iri  en«r9«tcy. 


sets  th.  reference  point  of  dte  m^;™  ^Tnl'  " 

case  of  the  milling  machine  this  reference  point  tne  pu 

Selecting  of  the  indicated  coordinat*. 

For  changing  data  in  the  retrieved  block.  Must  be  followed  by  END  OF  BLOCK. 

,usertsanewblPckinthe.^m^htofth.blockwhkd.issee„onthedM^^ 

Must  be  followed  by  END  OF  BLOCK. 

Removes  the  block  which  i«  presented  on  the  display. 

_ .  Also  after  CHANGE  and  INSERT. 

Must  be  used  after  each  programmed  block.  A  so 

Used  to  conclude  a  complete  program,  or  when  editing  is  complete. 
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OtJier  controls 


JOG  CONTROL:  Th«  push  buttons  are  used  for  manual  running. 

The  speed  is  set  by  means  of  the  knob  to  the  right. 

The  desired  distance  10, 1.0,1  or  0.01  mm  can  also  be  preset. 


TheN.G,  F.S.T 
and  M  functions: 


Coordinates: 


A  function  letter  must  be  specified  before  the  digital  value  for  the  respective  function 
is  keyed  in. 

For  programming  the  X,  Y  and  Z  coordinates  and  for  circular  interpolation  I,  J  and  K. 


Digit  keys:  ■ 


When  the  coordinate  direction  has  ‘^een  selected,  specify  the  desired  travel  (5  digits) 
here  and  a  minus  direction,  if  this  is  applicable.  The  positive  direction  need  not  be 

specified.  meet: 

Note:  All  numbers  must  be  specified,  a  comma  is  not  required,  e.g.  07655  means 

76J55  mm. 


CHANGING 
THE  FEED  RATE: 


The  programmed  feed  rate  can  be  changed  manually  from  0  %  to  200  %  in  steps  of  20  %. 

Note:  This  can  be  carried  out  when  the  program  is  running.  If  the  milling  cutter  is 
being  lowered  too  quickly  the  feed  speed  can  be  reduced. 

The  feed  override  mentioned  above  cannot  be  used  on  GOO  high  speed  positioning. 


POWER  SUPPLY:  Key  for  switching  on  the  power. 

EMERGENCY  STOP;  When  the  emergency  stop  button  is  pressed  all  functions  are  switched  off. 
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Assembly  of  the  fixture 


/ 


The  fixture  consists  of  j  set  square  which  has 
a  hole  lor  aliyning  the  centring  tool. 

Run  the  table  to  its  maximum  in  the  X  and  Y 
axis  so  that  the  spindle  is  as  far  into  the  left 
corner  as  is  possible. 

Place  the  fixture  and  its  fixing  screw  on  the 
table.  Do  not  fasten. 

Insert  the  centring  tool  in  the  chuck  and  lower 
it  into  the  hole  in  the  set-square.  • 

Square  up  the  fixture  using  a  second  square, 
as  shown  in  the  diagram. 


\ 


Tighten  the  fixture  to  the  table. 

Press  the  SET  REF  POINT  button. 

Remove  the  centring  tool.  Run  manually  in 
ihe  +Z  axis  for  easy  removal. 

The  machine  is  now  set  for  machining  with 
drilling  or  milling  cutters. 


/•  Fixing  screw 


u 


Set  square 


Fixture  cf  tool  cutter 

•* 

Place  a  6-mm  milling  cutter  in  the  sleeve  and 
tighten  up  the  locking  nut  tightly. 

^  ^ 
f  (j  i. ' 

Raise  the  table  and  with  the  aid  of  a  1C  mm- 
aluminium  plate  check  that  the  milling  tool 
meets  this  plate  evenly  and  precisely. 

Press  the  SET  REF  POINT  button.  - - 

^CL.J.C  c 

Lower  the  table  so  that  Z+00500is  indicated 
on  the  positioning  register. 

Press  the  SET  REF  POINT  button  for  this  new 
point. 

The  reference  point  is  now  15-mm  above  the 
table  in  the  Z  axis.  _ _  ..  . . . 


Workpiece 


y/  ^  Clamping  iron 
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information  sheet  // 


'»0”  and  '^Setun  Paint" 


Shifted  X 


-  Shifted  Y 


Zero  foint;  Ma::imuin  machine  table  movement  in  the  X  direction 

(iixtremo  left  position)  and  Y  direction  (::jctreme 

forward  position). 

Setup  Point:  Left  front  corner  of  part  in  setup  position. 

If  machine  controller  v/ill  allow,  ohis  point 
can  be  used  as  X=0  and  Y=0 . 
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INFORMATION  SHEET 


Plxture  and  Clanplnp^ 


Clamping 

Bolt 


Location 

Fixture 


Spacer  Blocks 


Spacer  blocks  used  for  machine  through  clearance. 

Spacer  blocks  not  required  for  blind  drilling  or  machining 
operations  not  penetrating  completely  through  the  part. 
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PERFORMANCE/PRODUCT  CHECKLIST 


Program: 


Task  No:  0  33 

Student’s  Name: _ ^ _  Date  Of  Attempt: 

Evaluator’s  Name: _ .  Evaluation  Site:  _ 

Performance  Attempt:  12  3  4 


Terminal  Performance  Objective: 


£Pi>,V-'C  y^-’C  /  ;  ^ 

/  '  f 


Directions  To  The  Student: 


Before  attempting  this  task  for  mastery,  carefully  review  this  checklist.  You  will  be  eval¬ 
uated  on  the  basis  of  this  checklist.  When  you  feel  you  are  ready  forevaluation,  contact  your 

instructor.  You  must  complete  your  performance  within  ^  _ minutes  and  must 

score  at  Iftast  S' C  nntnf  /  C  pnint?^nr  _ %  for  mastery.  Critical 

items  are  marked  with  an  asterisk  (*).  These  items  must  be  satisfactorily  completed. 


Directions  To  The  Evaluator: 

The  student  will  contact  you  when  ready  for  the  evaluation.  The  student  must  compleie 

the  performance  within _ minutes  and  must  score _ out  of _ 

points  or _ %  and  all  items  marked  with  an  asterisk  (')  must  be  satisfactorily 

\  completed. 
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COMPUTER  NUMERICAL  CONTROL  TASKS  -  Oen0z*al  CNC  Inronaation  and 

Vortical  Milling  Machine  Operations 
All  tasks  on  same  workpiece  and 
no  triangulation  required. 

Tasks  Outline 

Task  030  -  CSC  General  InTormation 
Task  031  C21C  Pi^ogramaing 
Task  032  -  CNC  Drill  and  Tap  Programming 
Task  033  -  Drill  and  Tap  Machining 
Task  034  -  CNC  Straight  Slot  Machining 

Task  035  *  CNC  Angular  Slot  Machining  (Linear  interpolation) 

Task  036  -  CNC  Circular  Slot  Machining  (Circular  interpolation  - 
clockwise  and  counter  clockwise  whole  quadrant) 

Task  037  *  CNC  Circular  Slot  Machining  (Circular  interpolation  • 
partial  quadrant) 

Task  036  -  CNC  Circular  Groove  Machining  (Circular  interpolation 
in  the  X  -  Z  planes) 


All  programming  and  machining  performed  on  the  Terco  CNC  Mill  trainer, - 
model  444C9 control  unit  -  model  4C00,  programming  station  •  model  iii;26 
automatic  tape  punch  *  model  4437  and  the  tape  recorder*-  model  4423* 

Tasks  033  through  033  are  shown  on  the  attached  print  -  No.  745^  • 
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Solution 


LAKE  COUNTY  AREA  VOCATIONAL  CENTER 

NUMERICAL  CONTROL 

PROGRAMMING  FORM 

TOOLING 

Tool 

No. 

Description 

Speed(rpm) 

Feed(ipm) 

1. 

2. 

3. 

• 

4. 

5. 

Part  No.  Op.  No. 

Machine: 

Fixture  No. 

I  Page  of  Page 

Part 

Material: 

Dimensions: 

Date: 

Bv: 

Operation 

Seq. 

No. 

Prep. 

Func. 

X 

Position 

Y 

Position 

Z 

Position 

I 

Position 

J 

Position 

K 

Position 
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Suggested  Cutting  Rates  Using  High  Speed 

Steel  Cutting  Tools 

Material 

Drilling 

sfm 

Reaming 
s  fn 

Turning 

sfm 

Tapping 
s  f  m 

Milling 

3  fn 

Aluminum 

250-6OO 

100-300 

400-1 000 

90 

3OO-OOO 

Brass 

150-300 

free  cutting 

150-300 

130-200 

225-350 

100 

Bronze, soft 

100-250 

75-1 80 

150-225 

75 

1 00-250 

Cast  iron 

75-1 50 

Soft 

75-150 

60-1  00 

100-1  50 

40 

Medium 

70-1  00 

30-65 

75-1  20 

30 

70-100 

Hard 

60-100 

20-55 

50-90 

20 

50-80 

Copper 

60-1  00 

If.0-60 

100-200 

40 

80-1 40 

Steel 

100-180 

Free  machining 

100-145 

60-100 

1 25'200 

Under  0,3  carbon 

70-120 

50-90 

75-175 

35 

70-120 

0*3  to  0*6  carbon 

55-90 

45-70 

65-1  20 

25 

55-90 

Over  0.6  carbon 

14.0-60 

40-50 

60-80 

20 

40-60 

Magnesium 

300-650 

150-350 

600-1  200 

■  150 

300-600 

Ti tanium 

30-60 

_ 

10-20 

_ 

25-55 

30 

25-50 

^  Suggested  rates  -  machining  variables  may  require  changing  rates 


END  liELL  SPSSD  RAT2S  > 

Cutting  ra\;e  can  be  converted  to  spindle  speed  by  using  the  formula; 
(Basic  formula) 
s  f  m  X  12 


rpm  ~  X  diameter  of  cutter 


(Simplified  formula) 


rpm  = 


 C  X  3  f  m 


Examole 


5/16  end  mill  in  SAB  1  030  steel 


diameter  of  cuttor 


Constant  =  If. 


_ Ij.  X  70 

rpm  -  —  3V^-J 


rpm  =  896 

Rounded  off  soeed  = 


900 
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Suggested  Cutting 

Rates  Using  High  Speed  Steel  Tools 

%  -  inch 

«  1  inch 

‘diameter  end  mill 

diameter  end  mill 

Material 

IPT 

IPT 

Aluminum 

.003  to  .006 

.00b  to  .069 

Brass , free 

cutting 

.003  to  .005 

.005  to  .008 

Bronze, soft 

.002  to  .001;. 

.002  to  .007 

Cast  iron 

Soft 

.003  to  .005 

.005  to  .008 

Medium 

.0025  to  .005 

.005  to  .007 

Hard 

.002  to  .0035 

.0335  to  .005 

Copper 

.002  to  .004. 

.004.  to  .006 

Magnesium 

.003  to  .006 

.006  to  .010 

Steel 

Free  machining 

.002  to  .004. 

.004.  to  .006 

Under  O.3  carbon 

.001, to  .0025 

.0025  to  .C04. 

0.3  to  0.6  carbon 

.0005  to  .002 

.002  to  .003 

over  0.6  carbon 

.0003  to  .001 

.001  to  .002 

Ti tanium 

.001  to  .0025 

.0025  to  .004. 

\. 
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End.  miH  cutting  Teed  rate  can  bo  round  by  using  th.e  Tomuias 
IPM  =  IPT  X  nuniber  of  teeth  x  RPM 

IPM  =  inches  per  minute  Example 

IPT  =  inches  per  tooth 

RPM  =  rotation  per  minute  5/1 6  -  i^.  tooth  end  mill  in  SAE 

1030  steel.  (RPH  =  896) 

.IPM  =  .001  X  i;  X  896 

IPM  =3.58 

r 

Ro-onded  off  feed  =  3.50  inches  I 

i 
I 

I 

! 


.  I 

J 

/ 

y 


Proqram  Task  Paae 


ij  0  r 


o.-i  ip 


✓ 


♦<rv 


A'»  - 


i  • 


I  *■ 

■’J 


c  T33H3  HOITAMnO=IH| 

3:£rAH  jjim  otcb 


^li'  '• 


lloiU  j  .  j 

‘>/?.t..’7«’?gfflS. 

m'v  03  icc: 


»jooy  J«e3e  ^>e■B^f^  f.;,ih  iic^sq  »e?afl  sn^^tfjjQ  ba^aosj 

sioaX  r  •  ^ 


600.  oi  ?00. 
VOO.  o;f  SOC. 


600,  c:f  ^00. 
VOO .  oJ  §00* 
200.  o:t  5ce0. 
^^00.  iKK). 

ore.  0^  doo. 


to  no 

yil 

outs  q3  ^00 ♦ 


200.  otf  COO* 

4i00«-  ocf  SOO* 


^ .. 


»  f  •! 


■2*.  ' 


i  f 

<j' . 


.  * 


^00.  03  4IOO. 
4IOO.  oi  SSOO. 
COO,  OS  £00. 
SCO.  oS  fOO. 

4I00.  ©s  ssoo. 


'>^  ’  * 


20D.  OO  £00. 

200.  od  §soo* 

2C00*-  o;^  SOO* 
^0.  od  SOO. 

aoo* 


^  A^e;>j5r 


00  £00* 


4i00*  00  SOO. 

2S00.  os,,  too, 

SOC,  2000. 
TOO.  od  £000. 
2S00 .  f 00 , 


oujdljm!, 

©eiltiicjBia 

,  ‘  sni^cfjjo 
^lo8tesr!onfi 
ao%X  ^  8.80 
;flofi 
Ac/ljbeK 
i  '  MjiH 

leqqoO 

iajL;iaejr3jBH 
l3e:r£l 

T^niaJLiioam  B&rL% 
aod*iMO  C-0  *XBbs^\J 
aoU'iMo  6,0  ott  £*0ji, 
nocf*X8o  d.O  levo 
IBUlXUi^iT 


4 


-.-.■3 


1-^ 


.  «spt-rsi«p-  a 

:.gIxje?xo1  eiltf  ^niet;  Imwol  dd  omo  ©dM  Jb©8l  XX.t«  brS.  >' 


;■  /' 


‘■a#* 


rM^E  X  1:o  naeixua  x  TEX  «  M^l 


liU  iLI.tiD  bxsa  di  doI  -  a  P\2 

{6e6  «  .If>«oa  0£0r 


eoijcia  laq  eedoaJ 
ri^ood  T«q  Bsxumi 
adxjaXm  ‘laq  noXa^ttoi 


dfS  X  4  X  TOO.  • 

62. £  »  mz 

umdonx  G2.£  **  be#':  llo  b'^br^oS 


I  ‘4 


.•;t 


*  '■ 


•U 

■•  .  .  i  I 


I  fVi  1 


■'*'■  A., 


JA/'  t 


'* 


S>‘ 


// 


LEARNING  STEPS  (Activities) 


•?,  //s.^  0^ Q-ro  A^' 

3.  /^acA  he  a/  tp-/?  A 

7^i> 

/o  hhez/A^'/rr-hr'ieoA'/c- 
^e/ec/)''he 


RESOURCES 
/ 


C  S^Chrype^  Q  s  'e-)  r^'"''  ^ 

f  '■>/  * 

^ lA  ^ /  y7 

^  ^ ^  f  j  \ 


/y>cyr?f 

/  ' 


A' //C  ,ph£fhi?.-;-.' 


y/0 


3  ‘  S' 


/  j 

Ss>/^/p<S'^/  S/^ 7^ /?  s ^ ^  /.3  i 

/j^  /ycyir-j’?/7f^  o^/c/(?  j 


^ '/ey />ye  c/^3t^  C^/Ocf)  ip 
/7cypy  /(?c/y/)//i'^  p:f/c 


/ 

> 


G 


Proararn  j  Task  Page) 


q:  :-:  ~1 


'  .vr 


I. ' 


4b  ' 


«  nJl  I 


3ViT02l30  3TA!a35l^a3T!.t3\  c, 

^  .  m.  k  -  .* 


'»  V 


I**"* 


'»»,  ■» 


•»  '^“  .  '  s,  ' 


\  •  '  "“s  ' 


v.  •»  'w-  r.  > 

^v.^ 

'  '^sVsV.^  ^ 


330RU0a3fl  (••'JtvftoA)  833X8  out  ^HAaT^^* 

’  ,\X 

vVcsa5\  vv.  ^^CNis.  *  *^  W;,.  «  I 


■  j  f*'^ 


-'K  ^  A \4s\-f4 ., 


,>  k 


■H 


t  .  ' 

•■1>»'  jkt,f 


WwAkN^^-x  > 


•  iS,  ■  •  f-  :  V  .  «  I 


A 


■'«''*  ,* 


''iV.- 


#.* 

■'  %. 


>«4|  V 


V 


,v 


V 


♦  j  •  4 


^  -V*. 


■'■  ,.t. 

I  ■■■.■.'.'«  .■  , 

.-  t 


•  :,,,  L^a5g_L...:^<{T  T minors  ) 

:„f':rtPI  - - - — ^ 


•-  «  .  .>■'; 


I 


*•«»> ,  t:**<i51»^  i  t 


f 

! 


\  U' 


51,30 


••■'  -is.'--.. 


e=iORtJoa3fi 

■  A 

^  ' 


\ 


V  .\ 

' '  A  W  ^^LAV^tiA^y 


\  Nj  S  \ 


V'"^ ' .  c:,  '5'\'^'\  .  ^i, 

•,■■  ■■'  ■'■ ■’ 'viAXs 

\  <> Van 

■  V:  •», 

j  \'.-  > 

■^  \  VN  ^\  “  ■<, 'tCv 

\  >  ^  ^ 

.  \>  \\3  ^ 


'  \ 


LEARNING  STEPS  (Activities) 

<///(/ 

Z^Y  z:f)'0  sYa-i'?^ 
^£)S/  'Ao  h  . 

Si.  zf///  sA/. 


RESOURCES 


3 .  j?ay/ 

Y  yy?/' 7^ 


^o  V  ^rc?  . 


|/  '/3yc:o  ^yf(y/ZiZ7/ /Ocyfy/^ 
payT^  Yyoy>'^  Y‘ytY(’^ 

^;d'  "  ey?(/  /y7/ //. 


‘ZyS/ 


Y-  /^OTZM<^  I 


Z 


3.  S<y^y}7/'  /o  /y7^/^oci4y  \ 

ya  (/''y’P.  /e y 70 o"ySy 


/Pi 


'cAz'y/f  i7s/^  /y/fi 


/I 


SpozO  sAscP/^ /P’iP’fc'  /3 

/>’  Tyy'^  /ya--i'P'f  'yp9  /yyi-pp 

/  •' 


^  Program  i  TasK  j  Page 


^^S\-'^’'.7'  ••’  I  ^  4-  I 


i 


*  r  *  . 


*  ■  JW  “v*  A*  i 


r 


.  s 


•4 


) 


I 


V 


'  K. 


'  Vv 


> 

\  t 


N* 


V 


'  \  w.  'v  ' 

N  ^ 

"  ••  \ 


f 

I 

I 


] 

» 


a 


\  s 


■‘‘  t  msipoi 


p^ 


1 


4 


..«t 


b 


rr 


PERFORMANCE/PRODUCT 


CHECKLIST 


Program: 
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Date  Of  Attempt: 
Evaluation  Site:  - 


Performance  Attempt:  12  3  4 
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Directions  To  The  Student; 

Before  attempting  this  task  for  mastery,  carefully  review  this  checklist.  You  will  be  eval- 
Led  on  the  basis  of  this  checklist.  When  you  feel  you  are 

instructor  You  nmst  complete  your  performance  within - 2.- - minutes  and  must 

■  S'O  nntnf  Av^-.T  nnint?;or - 


c;rnrp  at  least out  OT — - pointsor — _ - -  ^ 

ftemTare  O-  These  hems  must  be  satisfactonly  completed. 

Directions  To  The  tvaluator: 

The  student  will  contact  you  when  ready  for  the  evaluation.  The  student  must  c.:mplete 

the  performanc-j  within - minutes  and  must  score - - out  of  ___ 

points  or _ ^1^  and  all  items  marked  with  an  asterisk  (*)  must  be  satisfactorily 
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TASK:  perform  mononucleosis  test 

(HIGH  TECH) 

PURPOSE: 


INFECTIOUS  MONONUCLEOSIS  IS  AN  IMPORTANT  ACUTE  INFECTIOUS  DISEASE 
PROBABLY  VIRAL  IN  ORIGIN.  THREE  DISTINCT  GROUPS  OF  ANTIBODIES  ARE 
FOUND  IN  MONONUCLEOSIS;  HETEROPHIC,  EPSTEIN-BARR  VIRUS  (EBV)  AND 
MULTIPLE  AUTOANTIBODIES,  ISOANTIBODIES,  AND  HETEROANTIBODIES / 
HETEROPHIL  ANTIBODIES  ARE  MUCH  MORE  EASILY  DETECTED,  AND  FOR  THIS 
REASON  ROUTINE  TESTS  FOR  THE  PRESENCE  OF  HETEROPHIC  ANTIBODIES 
ARE  USED  FOR  THE  DIAGNOSIS  OF  INFECTIOUS  MONONUCLEOSIS,  ALONG  WITH 
HEMATOLOGIC  FINDINGS.  THIS  LEARNING  GUIDE  WILL  ASSIST  THE  STUDENT 
TO  PERFORM  A  MONONUCLEOSIS  TEST. 
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LEARNING  CONTRACT  (optional) 


INTERMEDIATE  OBJECTIVE 


DESCRIBE  MONONUCLEOSIS. 


LEARNING  STEPS  (Activities) 


RESOURCES 


Read  Resource  for  information  on 
mononucleosis . 


Complete  Resource  #2  for  a  review 
on  mononucleosis. 


Proceed  to  Resource  #3. 


1.  Information  Sheet  565-001-001, 
"Infectious  Mononucleosis,"  pg.  4  , 
in  this  SLG. 

(Information  taken  from  Basic 
Techniques  for  the  Medical  Laboratory 

by  J.  Jorgenson  and  K.  Ringsrud, 

2nd  edition. 

2.  Job  Sheet  565-001-002,  "Review 
Mononucleosis,"  pg.  7  ,  in  this  SLG. 

See  activity  key  book  or  instructor 
for  evaluation. 

3.  I.O.  #2,  pg.  10,  in  this  SLG. 
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"INFECTIOUS  MONONUCLEOSIS" 


Infectious  mononucleosis  is  an  important  acute  infectous  disease,  probably  viral 
in  origin,  that  is  represented  by  a  relatively  well-defined  hematologic  picture. 
Three  distinct  groups  of  antibodies  are  found  in  infectious  mononucleosis: 
heterophil  antibodies,  Epstein-Barr  virus  (EBV]  antibodies,  and  multiple  auto¬ 
antibodies,  isoantibodies,  and  heteroantibodies.  Heterophil  antibodies  are 
antibodies  that  react  with  an  antigen  entirely  different  from  the  phylogeneti- 
cally  unrelated  to  the  antigen  responsible  for  their  production.  They  are 
agglutinins  that  react  particularly  to  sheep  and  horse  red  cells  and  are  mainly 
class  G  immunoglobulins  (IgG).  Heterophil  antibodies  are  detected  by  the 
Paul-Bunnell  test. 

Infectious  mononucleosis  is  now  thought  to  be  caused  by  the  EBV,  a  member  of 
the  herpes  group  of  viruses.  Antibodies  to  this  virus  are  produced  early  in 
the  disease  and  can  be  detected  by  complement  fixation  tests  and  immunofluorescence 
techniques.  Demonstration  of  EBV  antibodies  is  a  complicated  process  and  is 
beyond  the  scope  of  most  routine  laboratories.  Heterophil  antibodies  are  much 
more  easily  detected,  and  for  this  reason  routine  tests  for  the  presence  of 
heterophil  antibodies  are  used  for  the  diagnosis  of  infectious  mononucleosis, 
along  with  hematologic  findings. 


Heterophil  antibodies  are  present  in  low  titer  in  the  serum  of  normal  persons 
and  are  known  as  Forssman  antibodies.  They  resemble  the  antibodies  found  in 
infectious  mononucleosis  in  that  they  agglutinate  sheep  red  cells,  but  differ 
from  them  in  that  they  are  absorbed  by  an  emulsion  of  guinea  pig  kidney,  which 
is  rich  in  Forssman  antigen,  and  are  not  absorbed  by  beef  cells,  which  are  poor 
in  Forssman  antigen.  In  cases  of  serum  sickness,  or  sensitization  to  animal 
(usually  horse)  serum,  a  further  type  of  sheep  red  cell  agglutination  antibody 
is  found  and  may  be  present  in  high  titer.  However,  this  is  again  distinguished 
from  the  antibody  of  infectious  mononucleosis  by  being  absorbed  by  guinea  pig 
kidney  and  from  Forssman  antibodies  by  being  absorbed  by  beef  red  cells.  This 
is  summarized  in  Table  8-1.  This  comparison  was  devised  by  Davidsohn  in  1935 
to  1937  and  is  used  today  as  the  basis  for  presumptive  and  differential  tests. 

TABLE  8-1.  Comparison  of  Forssman,  serum  sickness,  and  infectious  mononucleosis 
antibodies 


ABSORBED  BY 


.Antibody 


Guinea  pig 
Kidney 


Beef  red 
blood  cells 


Forssman 
Serum  sickness 
Infectious  mononucleosis 


Yes 

Yes 

No 


No 

Yes 

Yes 
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sheep  cell  agglutinins  of  infectious  mononucleosis  can  be  distinguished 
from  thoseof  serum  sickness  and  other  conditions  by  means  of  a  differential 
«st,  using  absorption  with  guinea  pig  kidney  and  beef  red  cell  antigens. 

by  absorption  with  guinea  pig  kidney  is  known 
^  the  Forssman  antibody,  and  the  guinea  pig  kidney  as  the  Forssman  antigen. 

The  classical  sheep  red  cell  agglutination  test  is  carried  out  in  two  steps-  the 

Bunnell,  and  the  differential  test  of  Paul,  Lnnell 
and  Davidsohn.  These  are  the  reference  tests  from  which  the  rapid  testing  pro-  ’ 
cedures  have  evolved.  Modifications  of  these  classical  procedures  utilize 
horse  red  cells  instead  of  sheep  red  cells. 

Under  normal  circumstances,  rapid  screening  tests  for  infectious  mononucleosis 
are  done  for  the  presence  of  heterophil  antibodies.  Horse  red  cells  are  usually 
used  rather  than  sheep  red  cells,  as  they  are  more  sensitive  to  heterophil 
antibodies.  Persons  suffering  from  infectious  mononucleosis  begin  developing 
heterophil  antibodies  shortly  after  the  appearance  of  the  symptoms,  usually 

^  Highest  titers  are  found  during  the  second  and  third 

eeks  of  the  illness.  The  titer  bears  no  relationship,  however,  to  the  severity 

=;n  «n  ®  >^1®;  heterophil  sheep  cell  agglutinins  appear  in  only 

50-80  percent  of  cases  of  infectious  mononucleosis,  so  negative  results  can 
be  obtained  when  the  disease  is  present.  Negative  tests  therefore  do  not  rule 
out  the  possibility  of  the  disease. 

The  test  for  heterophil  antibodies  is  of  confirmatory  diagnostic  importance 
in  cases  of  infectious  mononucleosis  with  typical  clinical  and  hematologic 
tindings.  It  IS  of  a  deciding  diagnostic  importance  early  in  the  disease  when 
there  are  unusual  clinical  findings  and  hematologic  signs^  some  of  ih^rmay 
be  caused  by  complicating  factors. 

faster  and  easier  screening  tests  have  been  introduced  commerciallv 
and  have  replaced  the  laborious  presumptive  and  differential  tests  in  many  ' 
laboratories.  One  such  test  is  the  spot  test  of  Lee  et  al .  These  rapid  slide 
screening  tests  are  based  on  the  following  principles:  (1)  the  use  of  horse 
red  cells  instead  of  sheep  red  cells  makes  the  test  more  sensitive  and  thus  is 
especially  valuable  for  low-titer  serum  found  in  the  early  stages  of  the  disease- 
U)  the  unwashed  preserved  horse  red  cells  remain  in  a  usable  condition  for  at  ’ 
least  3  months  and  give  stronger  and  quicker  agglutination  with  infectious 
mononucleosis  serum  than  do  horse  red  cells  preserved  with  Formalin;  (3)  some 
nonintectious  mononucleosis  serum  also  has  a  high  horse  agglutinin  titer,  and 
thererore  serolopcal  tests  cannot  depend  on  titers  alone;  and  (4)  fine  susnensionf 
or  guinea  pig  kidney  and  of  beef  red  cell  stromata  give  satisfactory  instant 
aosorption  or  antibodies  and  a  clear-cut  differentiation  between  infectious  and 
noninrectious  mononucleosis  serum. 

These  tests  are  done  on  a  slide.  The  serum  from  the  patient  is  mi.xed  thoroughly 
with  guinea  pig  kidney  on  one  spot  of  the  slide  and  with  beef  red  cell  stromata' 
on  another  spot.  The  unwashed  horse  red  cells  (preserved)  are  added  immediately 
.0  both  spots.  These  reagents  are  available  commercially  in  the  form  of  test  ' 
Its.  Directions  must  be  followed  carefully.  Agglutination  is  observed  on 
^both spots  Of  the  slide  1  minute  after  the  final  mi.xing.  If  agglutination 
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is  stronger  on  the  spot  where  the  guinea  pig  kidney  suspension  was  mixed  with 
the  patient's  serum,  the  test  is  positive.  If  it  is  stronger  on  the  spot 
where  the  beef  red  cells  were  mixed  with  the  patient's  serum,  the  test  is 
considered  negative.  If  the  agglutination  is  equal  on  both  spots,  the  test  is 
negative.  If  no  agglutination  appears  on  either  spot,  the  test  is  negative. 

One  commercially  available  test  kit  utilizing  this  principle  is  called 
Mono-Spot  and  is  manufactured  by  Ortho  Diagnostics,  Raritan,  NJ. 

The  glass  slides  used  for  these  rapid  screening  tests  must  be  carefully  cleaned 
under  running  water.  Use  of  detergent  could  cause  errors  in  the  results. 

Most  of  the  widely  used  immunologic  assays  for  infectious  mononucleosis  are 
highly  sensitive.  It  is  still  necessary,  however,  to  use  adequate  and  proper 
control  programs  as  the  only  dependable  method  of  detecting  sources  of  technical 
errors.  When  the  results  are  not  clearcut,  it  is  always  important  to  repeat 
them  and  to  conduct  additional  dependable  serological  tests.  Several  tests 
are  available.  Repeating  tests  at  a  later  date  is  also  helpful. 
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SELECT  THE  BEST  .ANSWER. 

1.  Infectious  mononucleosis  is  an  important  acute  infectious  disease,  probably 

- — _ ,  _  in  origin,  and  well-represented  by  a  well-defined 

hematologic  picture. 

A.  infectious 

B.  serous 

C.  viral 

D.  fungal 

Infectious  mononucleosis  is  now  thought  to  be  caused  by 

a  member  of  the  herpes  group  of  viruses.  * 

A.  heterophil 

B.  IgG 

C.  Forssman 

D.  EBU 

3.  Heterophil  antibodies  are  present  in  low  titer  in  the  serum  of  norma-1  persons 
and  are  known  as 

A.  Epstein-Baan  antibodies 

B.  Autoantibodies 

C.  Isoantibodies 

D.  Forssman  antibodies 

4.  In  cases  of  serum  sickness,  or  sensitization  of  animal  (usually  horse) 

serum,  a  type  of  sheep  red  cell  agglutination  antibody  is  found  and  may  be 
present  in  _  titer. 

A.  high 

B.  low 

C.  neutral 

D .  iso 

0.  The  ceil  agglutinins  of  infectious  mononucleosis  can  be  distinquished  from 
those  of  serum  sickness  and  other  conditions  by  means  of  a  differential  test. 
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horse 

B. 

rabbit 

C. 
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D. 

beef 
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The  antibody  removed  by  absorption  with  guinea  pig  kidney  is  known  as  the 
Forssman  _ _ _ .• 

A.  antigen 

B.  antibody 

C.  agglutinin 

D.  titer 

Rapid  screening  tests  for  infectious  mononucleosis  are  done  for  the  presence 
of  _ _ _  antibodies. 

A.  EBU 

B.  heterophil 

C.  heteroantibodies 

D.  isoantibodies 

Patients  suffering  from  infectious  mononucleosis  begin  developing  heterophil 
antibodies  shortly  after  the  appearance  of  symptoms,  usually  during  the 


first 

weeks 

A.  two 

B.  three 

C .  four 

D.  five 

titers  are  found  during  the  second  and  third  weeks  of 


illness . 

A.  Lowest 

B .  Normal 

C.  Highest 

The  test  for  heterophil  antibodies  is  of  confirmatory  diagnostic  importance 

in  cases  of  infectious  mononucleosis  with  typical  clinical  and 

findings. 

p 

A.  screening 

B.  differential 

C.  comparing 

D.  hematologic 


11.  One  faster  and  easier  commercial  screening  test  is  the 


test 


A. 

B. 

C. 

D. 


mono 

serum 

IgG 

spot 
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’’PRACTICE  PERFORMING  A  MONONUCLEOSIS  TEST" 
directions  to  the  STUDENT: 

Given  the  necessary  tools  and  equipment,  practice  performing  a  mononucleosis 
test . 

NECESSARY  TOOLS  AND  EQUIPMENT: 

Mono  spot  kit 

IVholeblood  (Capillary  or  Venous) 


PROCEDURE: 

TESTING  OF  SPECIMENS 

Pill  capillary  with  patient’s  specimen  up  to  mark  and  empty  into 
center  of  middle  section  of  the  slide, 

2.  Place  one  drop  of  Negative  Control  Serum^n  right  section  and 
one  drop  of  Positive  Control  Serum  in  le'ff^ction  of  the  slide. 

3.  Add  one  drop  of  MONO-TEST  Reagent  to  each  section  of  the  slide. 

4.  Mix  separately,  and  spread  each  mixture  uniformly  over  an  area 
approximately  1  inch  in  diameter.  Use  a  clean  disposable  stirrer 
for  each  mixture. 

USING  GLASS  SLIDE 

5.  Rock  slide  gently  for  2  minutes  and  observe  immediately  for 
3.gglutinat ion  by  using  a  high  intensity  lamp  for  lateral  illumination 
of  the  slide  and  observing  against  a  dark  background. 

USING  DISPOSABLE  CARD  SLIDE 


5.  Rock  card  gently  for  1  minute,  then  leave  it  undisturbed  for  another 
1  minute,  and  observe  immediately  for  agglutination. 

TITRATION  PROCEDURE 


Although  the  heterophile  antibody  titer  has  been  said  to  bear  no 
relation  to  the  severity  or  cause  of  the  disease,  some  laboratories 
are  requested  to  establish  an  antibody  titer,  particularly  as  a 
sequential  determination  for  an  individual  patient. 


The  specimen  is  titered  by  prenaring  2-fold  serial 
to  1:32  in  isotonic  saline  (0.85%  sodium  chloride) 
dilution  with  MONO-TEST  Reagent. 


dilutions 
and  testin 


from 
g  eac 


1:2 

h 
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1.  Place  5  test  tubes  into  a  test  tube  rack  and  label  them  #1  -  #5. 

2.  Dispense  0.5  ml  of  isotonic  saline  into  each  tube. 

3.  Add  0.5  ml  of  specimen  to  tube  #1,  mix  thoroughly. 

4.  Transfer  0.5  ml  from  tube  #1  to  tube  #2,  mix  thoroughly. 

5.  Continue  transferring  0.5  ml  aliquots  from  tube  #2  through  tube 
^^5,  mixing  thoroughly  before  each  transfer.  It  is  not  necessary 
to  discard  0.5  ml  from  tube  ^5  (the  1:32  dilution);  this  may  be 
retained  should  further  dilutions  be  required. 

6.  Test  the  undiluted  specimen  along  with  each  dilution  as  described 
under  Testing  of  Specimens.” 

RESULTS 


Specimens  which  contain  serologically  detectable  I.M.  antibodies  will 
agglutinate  the  MONO-TEST  Reagent.  Agglutination  (clumping)  of  the 
MONO-TEST  Reagent  is  interpreted  as  a  positive  result.  No  agglutination 
of  a  finely  granular  pattern  should  be  reported  as  a  negative  result. 

The  following  pictures  illustrate  positive  and  negative  results: 


The  I.M.  titer  of  a  specimen  is  interpreted  as  the  reciprocal  of  the 
last  dilution  to  produce  a  positive  result (end  point). 
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PERFORMANCE/PRODUCT  CHECKLIST 


Program:  medical  assisting 


Task  No:  565 


Student’s  Name: - - -  Date  Of  Attempt: 

Evaluator’s  Name: _ Evaluation  Site:  _ 

Performance  Attempt:  12  3  4 


Terminal  Performance  Objective: 

Given  the  necessary  tools  and  equipment,  perform  mononucleosis  test. 


Directions  To  The  Student:  I 

j 

Before  attempting  this  task  for  mastery,  carefully  review  this  checklist.  You  will  be  eval-  • 
uated  on  the  basis  of  this  checklist.  When  you  feel  you  are  ready  forevaluation,  contact  your  j 

instructor.  You  must  complete  your  performance  within  ^0 _ minutes  and  must 

score  at  least _ L2 _ out  of  _ points  nr  _ %  for  mastery.  Critical 

Items  are  marked  with  an  asterisk  (*).  These  items  must  be  satisfactorily  completed.  | 


Directions  To  The  Evaluator: 


The  student  will  contact  you  when  ready  for  the  evaluation.  The  student  must  complete 

the  performance  within  _ minutes  and  mustsnnrp  ^0 _ outof 

- %  and  all  items  marked  with  an  asterisk  (*)  must  be  satisfactorily 


points  or 


comoleted. 
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CRITICAL 
•  ITEI-IS 


1. 

2, 

3. 

4. 

5. 

6 . 

7. 

8. 
9. 

10. 

11. 


RATING 


ITLMS  TO  BE  OBSERVED  OR  CHECKED 


Wash  hands. 

Fill  capillary  up  to  mark. 

Empty  into  center  of  middle  section  of  the  slide. 

Place  one  drop  of  Negative  Control  Serum  on  right  side  of  slide. 
Place  one  drop  of  Positive  Control  Serum  on  left  side  of  slide. 
Add  one  drop  of  Mono  Test  Reagent  to  each  section  of  the  slide. 
Mix  separately. 

Spread  uniformly. 

Rock  glass  slide  gently  for  2  minutes  or  on  disposable  card 
for  1  minute. 

Read  and  record  results. 

Clean  up  working  area. 


*  I 


♦ 


TOTAL  POINTS  EARNED  = 


POINTS  NEEDED  FOR  MASTERY  »  10 
TOTAL  POINTS  POSSIBLE  »  11 
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WRITTEN  CRITERION  EVALUATION 
"PERFORM  MONONUCLEOSIS  TEST" 

SELECT  THE  BEST  ANSWER. 

1.  Infectious  mononucleosis  is  an  important  acute  infectious  disease,  probably 

_ in  origin,  and  well-represented  by  a  well-defined 

hematologic  picture. 

A.  infectious 

B.  serous 

C.  viral 

D .  fungal 

2.  The  cell  agglutinins  of  infectious  mononucleosis  can  be  distinquished 

from  those  of  serum  sickness  and  other  conditions  by  means  of  a  differential 


test. 

A. 

horse 

B. 

rabbit 

C. 

sheep 

D. 

beef 

titers  are  found  during 

the  second  and  third  weeks 

of 

illness . 

A. 

Lowest 

B. 

Normal 

C. 

Highest 

The 

commercial  agglutination  test  kit  used  in 

the  M.A.  lab  is 

A. 

Lee  et  al 

■ 

B. 

mono 

C, 

UCG 

D. 

EBU 

It 

is  necessary  to  use  adequate  and  proper 

programs 

as 

the  only  dependable  method  of  detecting  sources  of  technical  errors. 

A. 

sample 

B, 

specimen 

C. 

control 

D. 

labeling 

(^1 
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6.  Reasons  suffering  from  infectious  mononucleosis  begin  developing  heterophil 
antibodies  shortly  after  the  appearance  of  symptoms,  usually  during  the 
first  _ weeks. 

A,  two 

B ,  three 

C .  four 

D.  five 


7.  The  rapid  slide  test  is  _ _ _  when  agglutination 

appears  on  both  spots. 

A.  positive 

B.  negative 


8.  The  antibody  removed  by  absorption  with  guinea  pig  kidney  is  known  as  the 
Forssman 


A.  antigen 

B.  antibody 

C.  agglutinin 

D.  titer 

9.  One  faster  and  easier  commercial  screening  test  is  the 

A.  mono 

B.  serum 

C.  IgG 

D.  spot 


test 


10. 


Rapid  screening  tests  for  infectious  mononucleosis  are  done  for  the  presence 
of  _  antibodies. 


A.  EBU 

B.  heterophil 

C.  heteroantibodies 

D.  isoantibodies 
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TASK;  DEMONSTRATE  USE  OF  BALANCES  -  " 

i 


PURPOSE.  Many  and  varied  pieces  of  laboratory  apparatus  are  used  in 

performing  clinical  determinations,  and  the  knowledge  of  the 
proper  use  and  handling  of  this  equipment  is  an  important 
part  of  any  course  of  study  dealing  with  laboratory  work. 
Probably  some  of  the  most  important  instruments  are  the  various 
types  of  balances  used  to  measure  weight  or  mass  (gravimetric 
analysis)  in  preparing  the  reagents  and  standard  solutions 
used  in  the  laboratory.  This  learning  guide  will  assist  you 
to  demonstrate  the  use  of  balances. 
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LEARNING  CONTRACT  (optional) 


STUDENT  DATA 

NAME 

6  Hours 

SOCIAL  SECURITY  NUMBER 

LENGTH  OF  CONTRACT  (NORMAL  TIME  IN  HOURS) 

2.  TERMINAL  PERFORMANCE  OBJECTIVE 


Given  the  necessary  tools  and  equipment,  demonstrate  the  use  of  balances. 
To  master  this  task  you  must  score  24  out  of  24  (100%)  on  a  performance 
evaluation  and  14  out  of  15  (90%)  on  a  written  evaluation. 


2a.  INTERMEDIATE  OBJECTIVE(s) 

1.  Describe  types  of  balances. 

2.  Demonstrate  use  of  balances. 
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DESCRIBE  TYPES  OF  BALANCES. 


LEARNING  STEPS  (Activities) 


1.  Read  Resource  #1  for  information  on 
types  of  balances  and  the  use  of 
balances . 


i 


2.  View  Resource  #2  for  a  visual 
presentation  on  the  types  of 
balances  and  their  uses. 

3.  Complete  Resource  #3  for  a  review 
on  types  of  balances  and  their 
use, 

4.  Proceed  to  Resource  #4. 


RESOURCES 


1.  Information  Sheet  002E-001-001 , 
"Types  of  Balances,"  Page  3  in 
this  SLG. 

Information  taken  from  textbook: 
"Basic  Techniques  for  the  Medical 

Laboratory"  by  Linne  and  Ringsrud, 

2nd  edition,  McGraw  Hill  Book  Co. 

2.  Biotech  8107,  in  the  LRC. 

See  LRC  Secretary. 

3.  Job  Sheet  002E-001-001 

"Review  Types  of  Balances  and  Their 
Uses,"  pages  12  -  14  in  this  SLG. 

4.  10  #2,  page  15  in  this  SLG. 
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WEIGHING  AND  THE  USE  OF  BALANCES 


Many  and  varied  pieces  of  laboratory  apparatus 
Ate  used  in  performing  clinical  determinations, 
and  the  knowledge  of  the  proper  use  and  han* 
tiling  of  .'this  equipment  is  an  important  part  of 
any  course  of  study  dealing  with  laboratory 
work.  Probably  some  of  the  most  important 
instruments  are  the  various  types  of  balances 
used  to  measure  weight  or  mass  (gravimetric 
analysis)  in  preparing  the  reagents  and  standard 
solutions  used  in  the  laboratory.  This  is  a  meth¬ 
od  of  quantitative  analysis  in  the  laboratory. 
Almost  every  procedure  performed  in  the  labora¬ 
tory  depends  to  some  extent  on  the  use  of  a 
balance.  The  balance  considered  to  be  the  **back- 
bone’*  of  the  clinical  chemistry  laboratory  is  the 
analytical  balance.  This  balance  and  other  types— 
namely  the  triple-beam,  Cent-O-Gram,  and  tor¬ 
sion  balances— will  be  discussed  in  this  section.  A 
single  laboratory  is  likely  to  have  all  of  these 
types,  and  for  this  reason  a  student  in  a  labora¬ 
tory  course  should  understand  how  the  various 
balances  work.  Every  laboratory  should  have 


some  type  of  analytical  balance  and  at  least  one 
other  less  sensitive  type  of  balance.  Tliese  are  the 
minimum  requirements  for  weigiiing  instruments. 

Balances  are  used  to  weigh  the  chemicals  used 
to  prepare  the  many  chemical  solutions  needed 
in  the  laboratory.  Some  solutions  require  more 
accurately  weighed  chemicals  than  others.  Tlie 
accuracy  needed  depends  on  what  the  solution  is 
to  be  used  for.  One  must  decide  what  type  of 
balance  (or  scale)  is  most  appropriate  for  the 
precision,  or  reproducibility  required  in  weighing 
the  chemicals  to  be  used  for  a  particular  solu¬ 
tion.  Tlie  different  kinds  of  balances  are  suited 
to  particular  needs.  A  balance  that  sacrifices 
precision  for  speed  should  not  be  used  when 
precision  is  needed. 

Analytical  balance 

Many  different  types  of  analytical  balances  are 
made  by  different  companies  and  they  have 


Fig.  1-S.  Manual  analytical  balance. 
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vazious  degrees  of  autoinatic  operation.  In  this 
analytical  balances  are  divided  into 
two  typesi  manually  operated  analytical  (Fig. 
1-B)  and  automatic  analytical  (Fig.  1*9)  balances. 
Each  company  that  manufactures  analytical 
balances  has  its  own  spedal  name  for  each  of  the 
various  automatic  analytical  balances  produced. 
All  analytical  balances  are  used  to  weigh  very 
small  amounts  of  substances  with  a  high  degree 
of  accuracy,  but  just  how  this  is  accomplished 
differs  slightly  from  one  balance  to  another. 
Some  require  little  or  no  manual  operation,  and 
some  are  more  time-consuming  and  require  much 
more  manipulation  on  the  part  of  the  operator. 
^dfne“^'the  fine  analytical  balances  manufac¬ 
tured  for  use  in  the  clinical  laboratory  are  the 
Ainsworth,  Voiand,  Gram-atic,  Chrishan-Becker, 
Metller,  and  Sartorius  balances.  Others  are  also 
available.  It  is  important  to  investigate  carefully 
several  different  analytical  balances  before  decid¬ 
ing  on  one  for  use  in  a  particular  laboratory. 


As  stated  previously,  almost  every  procedure 
performed  in  the  laboratory  depends  on  the  use 
of  balances,  the  most  important  one  being  the 
analytical  balance.  Before  any  procedure  is 
startedv  reagents  must  be  prepared  and  standard 
solutions  made.  Standard  solutions  are  always 
very  accurately  prepared,  and  the  analytical  bal¬ 
ance  is  used  to  weigh  the  chemicals  for  these 
solutions.  The  analytical  balance  might  be  called 
the  starting  point  of  each  method  used  in  the 
laboratory.  Its  accuracy  determines  the  accuracy 
of  many  clinical  determinations.  An  instrument 
that  is  so  sensitive  and  so  essential  must  be  made 
with  great  skill  and  treated  very  carefully  by 
those  using  it. 

The  analytical  balance  should  be  cleaned  and 
adjusted  at  least  once  a  year  to  ensure  its 
continuea  accuracy  and  sensitivity.  Its  accuracy 
is  what  makes  this  instrument  so  essential  in  the 
clinical  laboratory.  The  accuracy  to  which  most 
analytical  balances  used  in  the  clinical  laboratory 
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jjottid  weigh  chemicals  is  commonly  0.1  mg,  or 
OOOOl  g.  Whenever  this  accuracy  is  needed,  the 
^jlytical  balance  must  be  used.  Differences  bet- 
automatic  and  manual  analytical  balances 
\te  mainly  in  the  manner  in  which  the  weights 
iie  added  in  the  weighing  procedure.  In  the 
manual -balance  die  weights  are  actually  placed 

one  of  the  balance  pans  by  hand.  In  the 
'automatic  balance  the  weights  are  added  by 
manipulating  a  series  of  dials. 

It  is  essential  that  the  parts  of  the  analytical 
balance  be  thoroughly  understood,  so  that  the 
weighing  process  can  be  carried  out  to  the  degree 
of  accuracy  necessary.  Once  the  correct  use  of  an 
inalytical  balance  has  been  mastered,  one  should 
be  able  to  use  any  of  the  avadable  types,  as  they 
ill  have  the  same  basic  parts.  Each  manufacturer 
supplies  a  complete  manual  of  operatmg  direc¬ 
tions,  as  well  as  information  on  the  general  use 
and  care  of  the  balance,  with  each  balance 
purchased.  These  directions  should  be  followed 

closely. 

Basic  parts 

1.  Glass  enclosure.  The  analytical  balance  is 
enclosed  in  glass  to  prevent  currents  of  air  and 
collection  of  dust  from  disturbing  the  process  of 
weighing. 

2.  Balancing  screws.  Before  doing  any  weighing 
on  the  balance,  it  must  be  properly  leveled.  This 
IS  done  by  observing  the  leveling  bubbles,  or 
spirit  level,  located  near  the  bottom  of  the 
balance.  If  necessary,  adjust  the  balancing  screws 
located  on  the  bottom  of  the  balance  case 
(usually  found  on  each  leg  of  the  balance). 

3.  Beam.  This  is  the  structure  from  which  the 
pans  are  suspended. 

4.  Knife  edges.  These  support  the  beam  at  the 
fulcrum  during  weighing  and  give  sensitivity  to 
the  balance.  Knife  edges  are  vital  parts  and  are 
constructed  of  hard  metals  to  give  a  minimum 
amount  of  friction. 

5.  Pans  for  weighing.  In  the  manually  operated 
analytical  balance,  there  are  two  pans:  the 


weights  are  placed  on  the  right-hand  pan  and  the 
object  to  be  weighed  is  placed  on  the  left-hand 
pan.  In  the  automatic  analytical  balance,  there  is 
only  one  pan.  The  object  to  be  weighed  is  placed 
on  this  pan.  The  pans  are  suspended  from  the 
ends  of  the  beam. 

6.  Weights.  In  the  manual  balance,  the  weights 
are  found  in  a  separate  weight  box.  These 
weights  are  never  handled  with  the  fingers  but 
are  removed  from  the  box  and  placed  on  the 
balance  pan  by  using  ivory-tipped  forceps.  Mis¬ 
handling  of  weights,  either  by  using  tiie  fingers 
or  by  dropping,  can  result  in  an  alteration  of  the 
actual  and  true  mass  of  the  weight.  Weights  come 
in  units  ranging  from  a  50-g  to  a  100-mg  weight. 
Tlie  values  of  the  weights  are  stamped  directly 
on  top  of  them.  In  the  automatic  analytical 
balance,  the  weights  are  inside  the  instrument 
and  are  not  seen  by  the  operator  unless  there  is 
need  to  remove  the  casing  for  repair  or  adjust¬ 
ment  The  weights  are  added  by  manipulating 
specific  dials  calibrated  for  the  weighing  process. 
The  built-in  weights  are  on  the  same  end  of  the 
beam  as  the  sample  pan  and  are  counterbalanced 
by  a  fixed  weight  at  the  opposite  end;  they  are 
removed  from  above  the  pan  when  an  object  is 
weighed.  There  is  always  a  constant  load  on  the 
beam,  and  the  projected  scale  has  the  same 
weight  regardless  of  the  load.  The  total  weight  of 
an  object  is  registered  automatically  by  a  digjial 
counter  or  in  conjunction  with  an  optical  scale. 

7.  Pan  arrest.  This  is  a  means  of  arresting  the 
pan  so  that  sudden  movement  or  addition  of 
weights  or  chemical  will  not  injure  the  delicate 
knife  edges.  The  pan  arrests  (usually  found  under 
the  pans)  can  absorb  any  shock  due  to  weight 
inequalities,  so  that  the  knife  edges  are  not 
subjected  to  this  shock.  The  pan  must  be  re¬ 
leased  to  swing  freely  during  actual  weighing.  In 
the  automatic  analytical  balance  the  arresting 
mechanism  for  both  the  pan  and  the  beam  is 
operated  by  a  single  lever.  Partial  release  or  fuil 
release  can  be  obtained,  depending  on  how  the 
lever  is  moved. 

8.  Damping  device.  This  is  necessary  to  arrest 
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the  swing  of  the  beam  in  the  shortest  practicai 
time,  thus  cutting  down  the  time  consumed  in 
the  weighing  process. 

9.  Vernier  scale.  This  is  the  small  scale  used  to 
obtain  precise  readings  to  the  nearest  0.1  mg.  It 
is  used  in  conjunction  with  the  large  reading 
scale  to  obtain  the  necessary  readings. 

10.  Reading  scale  In  the  manual  analytical 
balance,  this  scale  is  actually  the  reading  scale  for 
the  chain  that  is  used  for  weighing  100  mg  or 
less.  It  is  used  in  conjunction  with  the  vernier 
scale  to  obtain  readings  to  the  nearest  0.1  mg.  In 
the  automatic  analytical  balance,  this  is  usually  a 
lighted  optical  scale,  giving  a  high  magnification 
and  sharp  definition  for  easier  reading.  The  total 
weight  of  the  object,  in  question  is  registered 
automatically  on  this  viewing  scale. 

General  rcies  for  use  of  the  analytical  balance 

Weighing  errors  will  occur  if  the  balance  is  not 
properly  positioned.  It  is  therefore  very  impor¬ 
tant  that  the  balance  be  located  and  mounted  in 
an  optimal  position.  The  balance  musr  be  level. 
This  is  usually  accomplished  by  adjusting  the 
movable  screws  on  the  legs  of  the  balance.  The 
firmness  of  support  is  also  important.  The  bench 
or  table  on  which  the  balance  rests  must  be  rigid 
and  free  from  vibrations.  Preferably  the-  room  in 
which  the  balance  is  set  up  should  ha’.'e  constant 
temperature  and  humidity.  Ideally,  the  analytical 
balance  should  be  in  an  air-conditicued  room. 
The  temperature  factor  is  most  important.  The 
balance  should  not  be  placed  near  hot  objects 
such  as  radiators,  flames,  stills,  or  electric  ovens. 
Likewise,  it  should  not  be  placed  near  cold 
objects,  especially  not  near  an  open  window. 
Suhiignt  “or'  illumination  from  high-power  lamps 
should  be  avoided  in  choosing  a  good  location 
for  the  analytical  balance. 

The  analytical  balance  is  a  delicate  precision 
instrument,  which  will  not  function  properly  if 
abused.  When  learning  to  use  an  analytical  bal¬ 
ance,  students  should  make  themselves  respon¬ 
sible  for  knowing  and  adhering  to  the  rules  for 


the  use  of  the  particular  balance  with  which  they 
are  provided.  Tlie  following  general  rules  apply: 

1.  Set  up  the  balance  where  it  will  be  free  from 
vibration. 

2.  Load  and  unload  the  balance  only  when  the 
pans  are  arrested;  if  the  pans  are  not  arrested, 
the  delicate  knife  edges  can  be  damaged. 

3.  Close  the  balance  case  before  observing  the 
reading;  any  air  currents  present  would  affect 
the  weighing  process. 

4.  Never  weigh  any  chemical  directly  on  the  pan; 
a  container  of  some  type  must  be  used  for 
the  chemicaL 

5.  Never  place  a  hot  object  on  the  balance  pan. 
If  an  object  is  warm,  the  weight  determined 
will  be  too  light  because  of  convection  cur¬ 
rents  set  up  by  the  rising  heated  air. 

6.  Whenever  the  shape  of  the  object  to  be 
weighed  permits,  handle  it  with  tongs  or 
forceps.  Round  objects  such  as  weighing 
bottles  may  be  handled  with  the  fingers,  but 
take  care  to  prevent  weight  changes  caused  by 
moisture  from  the  hand.  Do  not  hold  any 
object  longer  than  necessary. 

7.  On  completion  of  weighing,  remove  all  objects 
and  clean  up  any  chemical  spilled  on  the  pans 
or  within  the  balance  area.  Close  the  balance 
case. 

8.  Weighed  materials  should  be  transferred  to 
labeled  containers  or  made  into  solutions 
immediately. 

Speed  in  weighing  is  obtained  only  through 
practice. 

Procedure  for  weighing  with  a  manual 
analytical  balance 

1.  Sitting  directly  in  front  of  the  center  of  it>c 
balance,  dust  off  the  pans  and  the  inside  oi  the 
balance  with  a  soft  brush. 

2.  Clteck  to  see  that  the  balance  is  level  b> 
observing  the  leveling  bubbles.  Make  any  neces¬ 
sary  adjustment  by  means  of  the  leveling  scre'*'» 
on  the  legs  of  the  balance. 
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3^  To  adjust  the  balance  to  a  beginning  reading 
of  zero,  lower  the  beam  and  release  tlie  pan 
arrests,  making  certain  tliat  the  chain  reading 
scale  and  the  vernier  scale  are  both  set  at  zero. 
Note  where  the  pointer  comes  to  rest,  and  slowly 
move  the  chain  until  the  pointer  rests  exactly  at 
zero.  Arrest  the  pans  and  raise  and  lock  the 
beam.  Recheck  by  repeating  these  same  steps 
once  again.  The  pointer  should  still  rest  exactly 
at  zero.  By  use  of  the  vernier  scale  adjustment 
knob,  adjust  the  zero  of  the  vernier  scale  to 
match  the  zero  of  the  chain  reading  scale. 

4.  With  the  beam  raised  and  locked  and  the 
pans  arrested,  place  the  weighing  vessel  on  the 
left-hand  pan,  using  tongs  if  possible. 

5.  From  the  box  of  weights  provided  with  the 
balance,  transfer  the  first  weight  to  the  right- 
hand  pan,  using  the  special  forceps.  Choose  a 
rather  large,  weight  as  the  first  wei^t:  20-g 
weight  would  be  satisfactory  for  most  purposes. 
Lower  the  beam  and  release  the  pan  arrests.  Note 
where  the  pointer  swings  in  relation  to  the  zero 
point.  If  the  pointer  swings  to  the  left,  the 
weight  is  heavier  than  the  vesseL  If  the  pointer 
swings  to  the  right,  the  weight  is  lighter  than  the 
vessel.  Arrest  the  pans,  and  raise  and  lock  the 
beam. 

6.  Depending  on  the  direction  of  the  pointer’s 
swing  in  the  previous  step,  either  add  another 
weight  from  the  box  of  weights,  or  remove  the 
20-g  weight  and  replace  it  with  a  lighter  one 
(10  g).  Repeat  this  process  by  adding  and  remov¬ 
ing  weights  (being  certain  to  raise  and  lock  the 
beam  and  arrest  the  pans  before  each  change  of 
weights)  until  the  addition  ot  the  smallest  weight 
in  the  box  (100  mg)  causes  the  pointer  to  swing 
to  the  left.  Close  the  balance  window. 

7.  At  this  point  add  weight  from  the  chain. 
The  chain  has  a  total  weight  of  100  mg  and  is 
used  when  no  further  weights  from  the  box  can 
be  used.  With  the  beam  locked  and  the  pans 
arrested,  add  50  mg  from  the  chain  by  moving 
the  chain  scale  adjustment  knob.  Lower  the 
beam  and  release  the  pans.  Observe  the  pointer. 
Again,  if  the  pointer  swings  to  the  left  the  chain 


weight  is  too  light,  and  more  weight  must  be 
added.  Raise  the  beam  and  arrest  the  pans. 
Depending  on  the  swing  of  the  pointer,  either 
add  weight  by  moving  the  chain  by  20-mg  steps 
until  the  addition  of  20  mg  causes  the  pointer  to 
swing  to  the  left,  or  remove  weight  by  20-mg 
steps  until  the  pointer  swings  to  the  right.  When 
the  chain  weight  has  been  narrowed  down  to 
within  10  mg  of  true  balance,  leave  the  beam 
lowered  and  the  pans  released,  and  gradually  add 
or  remove  weight  until  balance  is  obtained.  The 
weighing  vessel  has  now  been  weighed,  and  the 
weighing  of  the  desired,  chemical  can  com¬ 
mence.  Record  the  weights  used  to  obtain  bal¬ 
ance  with  the  weighing  vessel.  To  obtain  the 
reading  to  the  nearest  0.1  mg,  the  vernier  scale 
(Fig.  1-10)  must  be  used  in  conjunction  with  the 
rhain  scaic.  Raise  the  beam  and  arrest  the  pans. 

8.  To  the  weighf~"of:=^e  weighing  vessel  add 
tho  amount  of"cheiTiicai  to  be  weighed.  For 
example,  if  the  weighing  vessel  weighs  35.56^6  g 
and  the  amount  of  chemical  to  be  weighed  is 
10.5555  g,  the  total  weight  is  46.1201  g.  This 
total  weight  should  be  on  the  right-hand  pan.  To 


Fig.  1-10.  Reading  obtained  with  a  vernier  scale. 
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accomplish  this,  add  the  necessary  weights  from 
the  box  of  weights  and  the  chain  scale  to  make 
up  the  difference. 

9.  Add  the  chemicdJ  io  small  amounts,  using  a 
clean  spatula  until  h^idrtce  ix  achieved.  Before 
each  addition  of  chemical  raise  the  beam  and 
arrest  the  pans.  When  balance  is  obtained,  the 
amount  of  chemical  has  been  weighed  in  the 
weighing  vessel.  Then  transfer  it  quantitatively  to 
a  flask  for  dilution  (see  under  Quantitative 
Transfer). 

10.  Return  all  weights  to  the  box,  return  the 
chain  to  zero,  and  clean  up  any  spilled  chemical 
from  the  balance  area.  Leave  the  beam  in  a 
raised  and  locked  position,  and  arrest  the  pans. 

Procedure  for  weighing  with  an  automatic 
analyticai  balance 

1.  Before  doing  any  weighing,  make  certain 
that  the  balance  is  properiy  leveled.  Observe  the 
spirit  level  (leveling  bubble),  and  adjust  the  level¬ 
ing  screws  on  the  legs  of  the  balance  if  necessary. 

2.  To  check  the  zero  point  adjustment,  fully 
release  the  balance  and  turn  the  adjustment  ioiob 
clockwise-  as  far  as  it  will  go.  The  optical  scale 
zero  should  indicate  three  divisions  below  zero 
on  the  vernier  scale.  Using  the  same  adjustment 
knob,  adjust  the  optical  scale  zero  so  that  it 
aligns  exactly  with  the  zero  line  on  the  vernier 
scale.  Arrest  the  balance. 

3.  With  the  balance  arrested,  place  the  weigh¬ 
ing  vessel  on  the  pan,  using  tongs  if  possible,  so 
that  no  humidity  or  heat  is  brought  into  the 
weighing  chamber  by  the  hands.  Close  the  bal¬ 
ance  window. 

4>.  Weigh  the  vessel  in  the  following  manner: 
partially  release  the  balance  and  turn  the  100-g 
weight  control  knob  clockwise.  When  the  scale 
moves  up,  turn  the  knob  back  one  step.  Repeat 
this  operation  with  the  10-g,  I-g,  and  0.1 -g 
knobs,  in  that  order.  Arrest  the  balance.  After  a 
short  pause,  release  the  balance,  and  allow  the 
scale  to  come  to  rest.  Read  the  result  and  arrest 


the  balance.  With  the  balance  arrested,  unload 
the  pan  and  bring  all  knobs  back  to  zero. 

5.  Add  the  weight  of  the  sample  desired  to  the 
weight  of  the  vessel  just  weighed  to  get  the  total 
to  be  weighed.  Set  the  knobs  (100,  10,  1,  and 
0.1  g)  to  the  correct  total  weight  needed.  When 
the  0.1-g  knob  has  been  set  at  its  proper  rending^ 
the  balance  should  be  placed  in  partial  release. 
Slowly  add  tlie  chemical  to  the  vessel  until  the 
optical  scale  begins  to  move  downward.  When 
the  optical  scale  starts  downward,  fully  release 
the  beam,  and  continue  to  add  the  chemical  until 
the  optical  scale  registers  the  exact  position 
desired:  To  obtain  the  reading  to  the  nearest 
0.1  mg  (the  sensitivity  of  most  analytical  bal¬ 
ances),  the  vernier  scale  must  be  used  in  much 
the  same  maimer  as  in  the  manual  analytical 
balance  readings. 

6.  With  the  balance  arrested,  unload  the  pan, 
and  br.'ig  all  the  knobs  back  to  zero.  Qean  up 
any  spilled  chemical  in  the  balance  area. 

Torsion  haianca 

These  balances  are  used  mainly  for  weighing 
chemicals  in  tlie  laboratory.  Tliey  are  sensitive, 
responsive  instruments  with  an  exceptionally  long 
service  life,  during  which  there  is  no  significant 
deterioration  in  performance.  In  normal  use,  they 
require  very  little  maintenance.  The  unique  attri¬ 
butes  of  the  torsion  balance  movement,  which  is 
assembled,  as  a  single  flexible  structure  by  means 
of  tilghiy  tensed  torsion  bands  of  waten-spring 
alloy,  eliminate  the  use  of  knife  edges,  beanngs, 
and  other  loose  parts  that  would  become  dull, 
misaligned,  and  soiled.  Havmg  no  knife  edges  to 
dull  or  other  loose  parts  to  be  adjusted  accounts 
for  the  popularity  of  the  torsion  balance.  Little 
or  no  adjustment  is  required,  and  this  is  unpor- 
tam  in  a  laboratory,  where  the  tune  element  is 
so  important. 

Tlie  torsion  balance  has  high  sensitivity  under  a 
heavy  load,  permits  fast  weighmg,  and  is  rela¬ 
tively  inexpensive.  Care  must  be  taken  to  avoid 
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overloading  tHese  balances.  Some  models  have  a 
dial-controlled  torque  spring  to  eliminate  the  use 
of  smaller  loose  weights.  Other  models  are 
offered  with  dial-controlled  built-in  weights, 
wiiicli  may  further  reduce  the  number  of  loose 
weights  required.  Many  weighing  determinations 
can  be  completed  in  about  one-fifth  the  time 
formerly  required.  A  sliding  taxe  weight  is  pro» 
vided  to  counterbalance  the  weighing  vessel  used. 
The  beam  is  operated  by  a  lever  on  the  balance 
case.  Some  torsion  balances  are  enclosed  com¬ 
pletely  in  glass  or  metal  cases.  Several  of  these 
balances  have  a  damping  feature,  which  brings 
the  balance  to  equilibrium  quickly.  One  such 
damping  device  is  an  oil  dashpot,  which  is  filled 
at  the  factory  with  silicon  oil.  Weighing  can  be 
done  more  rapidly  on  torsion  balances  with 
damping  devices  than  on  those  lacking  them. 

There  is  usually  a  means  by  which  the  torsion 
.  balance  can  be  arrested.  This  need  only  be  done 
when  the  balance  is  to  be  moved  to  a  new 
location  or  otherwise  transported. 

The  sensitivity  of  the  torsion  balance  varies 
'  with  the  model  chosen.  For  most  clinical  labora¬ 
tories,  however,  balances  with  a  sensitivity  of 
readings  to  the  nearest  0.01  g  are  satisfactory. 
The  manufacturer  supplies  a  complete  manual 
with  directions  for  setting  up,  proper  use,  and 
care  of  the  particular  torsion  balance.  These 
directions  should  be  followed  closely. 


Procedure 

1.  Check  to  be  sure  that  the  balance  is  level, 
and  adjust  the  leveling  screws  if  necessary. 

2.  Check  the  zero  adjustment.  The  optical 
reading  scale  should  read  zero  with  the  pan 
empty  and  clean;  adjust  the  optical  zero  with  the 
small  control  knob  if  necessary. 

3.  Place  the  weighing  vessel  on  the  pan.  Turn 
the  weight  control  knob  until  the  optical  reading 
scale  reads  zero. 

4.  Add  the  chemical  to  the  vessel  until  the 
desired  weight  registers  on  the  optical  scale.  A 
vernier  scale  is  present  on  most  models  so  that 
the  weight  may  be  read  to  the  accuracy  needed. 
Torsion  balances  used  in  clinical  laboratories  have 
an  accuracy  of  cither  0.1  or  0.01  g. 

5.  Remove  the  vessel  with  the  weighed  chemi¬ 
cal  from  the  pan.  Turn  the  control  knob  to  zero, 
and  wipe  up  any  spilled  chemical  immediately. 


Triple-beam  balance 

Another  common  piece  of  laboratory  apparatus 
used  for  weighing  is  the  triple-beam  or  “trip” 
balance  (Fig.  1-11).  This  is  a  less  sensitive  bal¬ 
ance  with  accuracy  to  the  nearest  0.1  g.  When¬ 
ever  reagents  are  to  be  prepared  with  an  accuracy 


Fig.  1-11.  Tiipie-beam  balance. 
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of  O.I  g  or  less,  the  triple-beam  balance  can  be 
used  most  satisfactorily.  As  the  words  triple- 
beam  and  trip  suggest,  three  beams  are  present 
on  the  balance.  Each  beam  provides  a  different 
weighing  scale.  Scales  reading  from  0  to  100  g,  0 
to  500  g,  and  0  to  10  g  are  usually  provided  on 
the  tilple-beam  balance.  These  scales  are  provided 
with  movable  weights.  The  two  larger  scales  have 
weights  that  lock  into  accurately  milled  notches 
at  each  calibration  to  ensure  absolute  accuracy  at 
each  position. 

Some  models  of  the  triple-beam  balance  (called 
the  Harvard  rripie-beam  balance)  have  two  pans, 
and  some  have  a  single  pan.  The  principle  of  the 
weighing  process  is  the  same  whether  there  are 
two  pans  or  only  one.  Two-pan  balances  are  used 
when  two  objects  must  be  balanced  against  each 
other,  as  in  balancing  tubes  for  use  in  the 
centrifuge.  One-pan  balances  are  used  a  great  deal 
in  the  laboratory  for  preparing  reagents  and 
chemical  solutions. 

Some  type  of  less  sensitive  balance  such  as.  the 
triple-beam  or  torsion  balance  is  an  essential 
piece  of  equipment  for  every  clinical  laboratory, 
as  many  reagents  are  prepared,  that  do  not  need 
the  accuracy  of  the  analytical  balance.  When  an 
accuracy  of  more  than  O.I  g  is  not  needed,  the 
tripie-beam  balance  can  be  used.  It  can  be  oper¬ 
ated  simply  and  rapidly  and  gives  accurate  weigh¬ 
ings  when  used  properly.  Even  a  balance  with 
less  sensitivity  must  be  used  carefully  and  accord¬ 
ing  to  the  directions  provided  with  the  particular 
model. 

The  tripie-beam  balance  should  be  placed  on  a 
reasonably  flat  and  level  surface.  The  beam 
should  be  near  zero  balance,  with  ail  the  movable 
weights  at  their  zero  points.  A  tinal  zero  balance 
is  attamed  by  adjusting  the  balancing  screws.  It  is 
advisaole  to  check  the  zero  balance  periodically, 
especially  if  the  balance  has  been  moved.  If  an 
^bject  is,  to  be  weighed,  the  balance  must  be  set 
at  zero  before  the  weighing  is  begun.  If  a  vessel 
is  weighed  in  preparation  for  the  addition  of  a 
chemical,  it  is  not  necessary  to  set  the  balance  at 
the  exact  zero  reading. 


Basic  parts 

1.  Pan.  This  is  where  the  object  or  weighing 
vessel  holding  the  substance  to  be  weighed  is 
placed. 

2.  Beam.  Tlie  beam  is  a  lever  supported  by  a 
knife  plane  bearing  at  the  center  post.  The  length 
of  beam  to  the  right  of  the  knife  plane  is 
graduated  for  placement  of  a  sliding  weight  and 
ends  in  a  pointer.  The  other  end  of  the  beam  is 
attached  to  the  pan  guide  with  a  knife  edge 
contact. 

3.  Movable  weights  or  poises.  These  are  sliding 
weights  attached  to  the  beam  that  are  moved  to 
bring  the  balance  into  equilibrium.  The  trip 
balance  has  three  beams,  and  various  weight 
increments  are  added  as  the  poises  are  advanced 
toward  the  pointer  ends  of  the  beams. 

4.  Rasding  scale.  This  is  a  scale  located  at  the 
end  of  the  beam  pointer  that  shows  when  the 
balance  is  in  equiiibriuriL 

5.  Baianring  screws  or  spindle.  This  is  a  pair  of 
threaded  weights  that  are  used  to  bring  the 
empty  balance  into  equilibrium. 

Procediue  for  general  use 

t 

1.  Place  the  weighing  vessel  on  the  balance  pan 
without  previously  bringing  the  balance  to  zero. 

2.  With  the  weighing  vessel  on  the  pan,  brmg 
the  balance  to  zero  by  adjusting  the  movable 
weights  on  the  three  scales.  Record  the  sum  of 
the  weights  required  for  balance. 

3.  To  the  recorded  weight  add  the  amount  of 
chemicai  to  be  weighed.  For  example,  if  the 
reagent  to  be  prepared  requires  10.5  g  of  NaG 
and  the  weighing  vessel  weighs  35.5  g,  the  total 
weight  is  46.0  g.  Move  the  movable  weights  on 
the  scales  to  give  this  total  weight. 

4.  Gradually  add  the  chemicai  until  the  pomter 
of  the  balance  rests  exactly  at  the  zero  mark  on- 
the  vertical  reading  scale.  Remove  the  weigning 
vessel  and  return  the  movable  weights  to  their 
zero  positions.  Transfer  the  chemicai  quantita¬ 
tively  to  the  flask  for  dilution. 
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5,  Wipe  up  any  spilled  chemical  immediately 
from  the  balance  area. 

A  special  typei’  of  tripie*beam  balance  is  known 
as  the  Cent-OGram  balance.  This  balance  also 
has  three -beams,  but  they  are  tiered  on  three 
levels,  so  that  the  readings  can  be  obtained  from 
a  single  eye  leveL  The  three  beams  on  the 
Cent-O-Grara  balance  provide  different  weighing 
scales.  The  center  beam  is  graduated  to  10  g  in 
l-g  notches.  As  the  name  implies,  the  sensitivity 
of  this  balance  is  the  nearest  0.01  g.  The  Cent-0- 


Gram  balance  has  a  lever  for  arresting  the  bal¬ 
ance  when  placing  objects  on  the  pan. 

On  any  type  of  triple-beam  balance,  the  bal¬ 
ance  position  of  an  object  on  the  pan  can  be 
determined  by  observing  the  swing  of  the 
pointer.  A  swing  of  an  equal  number  of  divisions 
on  either  side  of  the  zero  mark  on  the  dial  indi¬ 
cates  that  the  scale  is  balanced.  It  is  not  necessary 
to  wait  for  the  oscillation  to  stop  to  determine 
the  correct  weight.  This  observation  enables  the 
weighing  process  to  be  a  simple  and  rapid  one. 
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SELECT  THE  BEST  ANSWER. 

1.  The  "backbone"  of  the  clinical  chemistry  laboratory  is  the: 

A.  triple-beam  balance. 

B.  torsion  balance. 

C.  weighing  balance. 

D.  analytical  balance. 

2.  are  used  to  weigh  the  chemicals  and  to  prepare 
the  many  chemical  solutions  needed  in  the  laboratory. 

A.  Scales 

B.  Balances 

C.  Cent-o- grams 

D.  Weights 

I 

5.  balances  are  used  to  weigh  small  amounts  of 

substances  with  a  high  degree  of  accuracy,  but  just  how  this  is  accomplished 
differs  slightly  from  one  balance  to  another. 

A.  Triple-beam 

B.  Cent-o-gram 

C.  Torsion 

D.  Analytical 

4,  Standard  solutions  are  always  very  accurately  prepared  and  the 

balance  is  used  to  weigh  the  chemicals 

for  these  solutions. 

A.  analytical 

B.  triple-beam 

C.  torsion 

D.  cent-o-gram 

5.  The  analytical  balance  should  be  cleaned  and  adjusted  at  least  _ 

to  ensure  its  continued  accuracy  and  sensitivity 


A.  once  a  week 

B.  once  a  month 

C.  once  every  6  months 

D.  once  a  year 
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In  the  manual  balance  the  weights  are  actually  placed  on  one  of  the  balance 

•  and  in  the  automatic  balance  the  weights 


are  added  by  manipulating  a  series  of 


A.  knife  edges,  screws. 

B.  hand,  dials. 

C.  dials,  hands. 

D.  beams,  dials. 


Before  doing  any  weighing  on  the  balance,  it  must  be  properly 

A.  leveled. 

B.  controlled. 

C.  handled. 

D.  understood. 


In  the  manually  operated  analytical  balance,  there  are  two  pans: 

- — T - ^  ^  placed  on  the  right-hand  pan, and  the 

to  be  weighed  is  placed  on  the  left-hand  pan. 


the 


A. 

object,  weights 

B. 

weights,  object 

C. 

solutions ,  substances 

D. 

substances,  solutions 

In 

the  manual  balance,  the  weights  are  never  handled  with 

the  fingers 
by  using 

out  are  removed  from  the  box  and  placed  on 
ivory-tipped 

the  balance  pan 

A. 

applicators . 

B. 

forceps . 

C. 

handles . 

D. 

knives . 

Any 

air  currents  present  would  affect  the 

process . 

A. 

balancing 

B. 

adjusting 

C. 

leveling 

D. 

weighing 

To  adjust  a  manual  analytical  balance  to  a  beginning  reading  of  .ero 

readinfLatrand  arrests,  making  certain  fhat  the  chain 

reaaing  scale  and  the  vernier  scale  are  both  set  at 

A. 

0. 

B. 

0.1  mg. 

C. 

10  mg. 

TT.  rr 

^  Program 

Task 

Page'^ 

^07.0904 

002E 

JOB  SHEET 

002E-001-00  1 

"REVIEW  TYPES  OF  BALANCES  AND  THEIR  USES" 


12.  _ _ balances  are  used  mainly  for  weighing  chemicals 

in  the  laboratory. 

A.  Triple-beam 

B.  Torsion 

C.  Analytical 

D.  Cent-o-gram 

13.  Whenever  reagents  are  to  be  prepared  with  an  accuracy  of  0.1  g  or  less, 

the  _ _  balance  can  be  used  most  satisfactorily. 

A.  triple-beam 

B.  torsion 

C.  analytical 

D.  cent-o-gram 

14.  This  balance  has  three  beams  tiered  on  three  levels  so  that  the  readings 
can  be  obtained  from  a  single  eye  level. 

A.  Cent-o-gram 

B.  Triple-beam 

C.  Torsion 

D.  Analytical 

15.  This  is  the  small  scale  on  an  analytical  balance  which  is  used  to  obtain 
precise  readings  to  the  nearest  0.1  mg. 


A. 

Reading 

B. 

Vernier 

C. 

Zero 

D. 

Chain 
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DEMONSTRATE  USE  OF  BALANCES. 

x 

i 

_  _ i 
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DIRECTIONS  TO  THE  STUDENT: 

GIVEN  THE  NECESSARY  SUPPLIES  AND  EQUIPMENT,  PRACTICE  USING  BALANCES. 

NECESSARY  SUPPLIES  AND  EQUIPMENT:  Analytical  balance 

Trin le-beam  balance 


PROCEDURE : 

Weighing  vessel 

Tongs 

Chemical 

Flask 

* 

AUTOMATIC  ANALYTICAL  BALANCE 


1. 

Level  balance. 

2. 

Check  zero  point  adjustment. 

3 . 

Arrest  the  balance. 

4. 

Place  weighing  vessel  on  the  pan. 

5. 

Close  the  balance  window. 

6. 

Weigh  the  vessel. 

7 . 

Read  the  result. 

8. 

Arrest  the  balance. 

9. 

Unload  the  pan. 

10. 

Bring  all  knobs  back  to  zero. 

11. 

Add  total  weight. 

12. 

Add  slowly,  chemical  to  vessel. 

15. 

Arrest  the  balance. 

14. 

Unload  the  pan. 

15. 

Bring  knobs  back  to  zero. 

16. 

Clean  up. 
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1 


\ 


TRIPLE -BEAM  BALANCE 

1.  Place  weighing  vessel  on  balance  pan. 

2.  Bring  balance  to  zero. 

3.  Record  the  sum  of  weights. 

4.  Add  amount  of  chemical  to  be  weighed. 

5.  Obtain  total  weight. 

6.  Add  chemical  until  at  zero  mark. 

* 

7.  Transfer  chemical  to  flask. 

8.  Clean  up. 


/ 


PERFORMANCE/PRODUCT  CHECKLIST 


Program:  medical  assisting 


Task  No:  oo2e 


Student’s  Name: _  Date  Of  Attempt: 

Evaluator’s  Name:  _ _ Evaluation  Site:  _ 

Performance  Attempt:  12  3  4 


Terminal  Performance  Objective: 


m 

Given  the  necessary  tools  and  equipment,  demonstrate  use  of  balances. 


\ 


Directions  To  The  Student:  i 

I 

Before  attempting  this  task  for  mastery,  carefully  review  this  checklist.  You  will  be  eval-  ^ 
uated  on  the  basis  of  this  checklist.  When  you  feel  you  are  ready  forevaluation,  contact  your 

instructor.  You  must  complete  your  performance  within _ - minutes  and  must  ; 

score  at  24  nnt  of  24  pnintf^nr  100 _ %  for  mastery.  Critical 

items  are  marked  with  an  asterisk  (*).  These  items  must  be  satisfactorily  completed.  | 


Directions  To  The  Evaluator: 


The  student  will  contact  you  when  ready  for  the  evaluation.  The  student  must  complete 

the  performance  within  _ minutes  and  must  score _ nutnf 

points  or  _ %  and  all  items  marked  with  an  asterisk  {*)  must  be  satisfactorily 

completed. 
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RATING 

ITEI-IS 

ITLMS  TO  BE  OBSERVED  OR  CHECKED 

YES 

AUTOMATIC  ANALYTICAL  BALANCE 

^  i 

* 

1. 

Level  balance. 

* 

2. 

Check  zero  point  adjustment. 

★ 

3. 

Arrest  the  balance. 

* 

4. 

Place  weighing  vessel  on  the  pan. 

* 

5. 

Close  the  balance  window. 

*★ 

6. 

Weigh  the  vessel. 

* 

7. 

Read  the  result. 

* 

8. 

Arrest  the  balance. 

* 

9. 

* 

Unload  the  pan. 

★ 

10. 

Bring  all  knobs  back  to  zero. 

* 

11. 

Add  total  weight. 

★ 

12. 

Add  slowly, chemical  to  vessel. 

* 

13. 

Arrest  the  balance. 

* 

14. 

Unload  the  pan. 

■** 

15. 

Bring  knobs  back  to  zero. 

* 

16. 

Clean  up. 

TRIPLE-BEAM  BALANCE 

■ 

* 

17. 

Place  weighing  vessel  on  balance  pan. 

' 

* 

18. 

Bring  balance  to  zero. 

* 

19. 

Record  the  sum  of  weights. 

•k 

20. 

Add  amount  of  chemical  to  be  weighed. 

SEE  NEXT  PAGE  TOTAL  POINTS  EARNED  = 

POINTS  NEEDED  FOR  MASTERY  - 
TOTAL  POINTS  POSSIBLE 

- 

_ J 
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CRITICAL 
,  ITEIIS 


ITLMS  TO  BE  OBSERVED  OR  CHECKED 


RATING 


YES 


H 


21.  Obtain  total  weight. 

22.  Add  chemical  until  at  zero  mark 


23.  Transfer  chemical  to  flask. 


24.  Clean  up. 


POINTS  NEEDED  FOR  MASTERY 
TOTAL  POINTS  POSSIBLE 


TOTAL  POINTS  EARNED  = 


24 

24 
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CRITERION  FiXAM 

lASK  002E 


niRECTIONS: 


mii  PURPOSE  OE  THIS  EXAM  IS  TO  DETERMINli  WHETHER  OR  NOT  YOU  HAVE 
UNDERSTOOD  HIE  INFOILMATION  ON  DEMON^BtTING  USE 


OF  BALANCES. 


Each  of  the  questions  or  incomplete  statements  below  is  followed  by 
several  words,  phrases,  or  a  series  of  numbers.  Choose  the  one  which 
best  answers  the  question  or  completes  the  statement  correctly.  Place 
the  letter  associated  with  that  choice  (A,B,C  or  D)  in  the  numbered 
blank  space  on  your  ANSWER  SHEET.  DO  NOT  WRITE  ON  THIS  TEST!!!  To 
master  this  e.xam  you  must  answer  14  out  of  15 

items  correctly,  90  %. 


# 
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"DEMONSTRATE  USE  OF  BALANCES" 


Standard  solutions  are  always  very  accurately  prepared  and  the  _ 

balance  is  used  to  weigh  the  chemicals  for  these  solutions. 

A. -  analytical 

B.  triple-beam 

C.  torsion 

D.  cent-o-gram 

In  the  manual  balance,  the  weights  are  never  handled  with  the  fingers,  but 
are  removed  from  the  box  and  placed  on  the  balance  pan  by  using  ivory-tipped 


A.  applicators. 

B.  forceps. 

C.  handles. 

D.  knives. 

This  is  the  small  scale  on  an  analytical  balance  which  is  used  to  obtain 
precise  readings  to  the  nearest  0.1  mg. 

A.  Reading 

B.  Vernier 

C.  Zero 

D .  Chain 

The  "backbone"  of  the  clinical  chemistry  laboratory  is  the  _ 


A.  triple-beam  balance. 

B.  torsion  balance. 

C.  weighing  balance. 

D.  analytical  balance. 

Before  doing  any  weighing  on  the  balance,  it  must  be  properly 

A.  leveled. 

B.  controlled. 

C.  handled. 

D.  understood. 
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8 


10 


11 


This  balance  has  three  beams  tiered  on  three  levels  so  that  the  readings 
can  be  obtained  from  a  single  eye  level. 

A.  Cent-o-gram 

B.  Triple-beam 

C.  Torsion 

D.  Analytical 


7.  Any  air  currents  present  would  affect  the 

A.  balancing 

B.  adjusting 

C.  leveling 

D.  weighing 


process 


balances  are  used  to  weigh  small  amounts  of 


substances  with  a  high  degree  of  accuracy,  but  just  how  this  is  accomplished 
differs  slightly  from  one  balance  to  another. 

A.  Triple-beam 

B.  Cent-o-gram 

C.  Torsion 

D.  Analytical 

To  adjust  a  manual  analytical  balance  to  a  beginning  reading  of  zero, 
lower  the  beam  and  release  the  pan  arrests,  making  certain  that  the  chain 
reading  scale  and  the  vernier  scale  are  both  set  at 


A. 

B. 

C. 

D. 


0. 

0. 1  mg, 
10  mg. 
20  mg. 


In  the  manually  operated  analytical  balance,  there  are  two  pans:  the 

_ _ are  placed  on  the  right-hand  pan, and  the 

_ _  to  be  weighed  is  placed  on  the  left-hand  pan. 


A.  object,  weights 

B.  weights,  object 

C.  solutions,  substances 

D.  substances,  solutions 


the  laboratory. 

A.  Triple-beam 

B.  Torsion 

C.  Analytical 
C.  Cent-o-gram 


balances  are  used  mainly  for  weighing  chemicals  in 
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TASK:  PERFORM  PIPETTING. 


'High  Tech 


PURPOSE; 


Glassware  is  used  in  all  deoartmen'ts  of  the  laboratory ,  and  special 
types  of  glass  apparatus  have  been  devised  for  special  uses.  One 
special,  type  of  glassware  (volumetric  glassware)  is  pipets.  This 
Learning  Guide  will  assist  you  to  perform  pipetting. 


Medical  Assisting 


emr 
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8  hrs . 

LEARNING  CONTRACT  (optional) 


TERMINAL  PERFORMANCE  OBJECTIVE 


Given  the  necessary  tools  and  equipment,  perform  pipetting.  To  master  this 

on  a  final  performaLe  and  19  out  of  20 
C95-.)  on  a  Written  Criterion  Examination.  u_i£_out  ot_£U_ 


2a.  INTERMEDIATE  OBJECTIVE(s) 


1.  Describe  pipets. 

2.  Perform  pipetting. 


AGREEMENT 


requirement  within 


agree  to  complete  the  above  stated  terminal  performance 
-  further  recognize  that  the  conditions  of  the 


contract  (performance  and  time  anroomonfi  unner  recognize  that  the  conditions  of  the 

occupation  and  record  my  pragress  ’  """  ^-P^'^ements  of  the 
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#1 


DESCRIBE  PIPETS. 


RESOURCES 


1.  Information  Sheet  003-001-001, 
"Pipets,”  Pg.  4-10,  in  this  SLG. 

Information  taken  from  Basic 
Techniques  for  the  Medical  Labora¬ 

tory  by  Jorgenson  and  Ringsrud. 

2.  Job  Sheet  003-001-001,  ’’Review 
Pipets,”  pg.  11-14  in  this  SLG. 

See  instructor  for  evaluation, 

3.  10  ^2,  pg.  15  ,  in  this  SLG. 
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Volumetric  glassware 

Volumetric  glassware  must  go  tlirougli  a  rigorous 
process  of  volume  calibration  to  ensure  tlie 
accuracy  of  the  measurements  required  for 
laboratory  determinations.  In  very  precise  work 
it  is  never  safe  to  assume  that  the  volume 
contained  or  delivered  by  any  piece  of  equip¬ 
ment  is  exactly  that  indicated  on  the  equipm.ent. 
The  calibration  process  is  lengthy  and  time- 
consuming;  therefore  the  cost  of  volumetric  glass¬ 
ware  is  relatively  higli  compared  with  the  cost  of 
noncalibrated  glassware  (beakers,  test  tubes,  etc.). 

Volumetric  flasks 

flasks  are  flasks  with  a  round  bulb  at 
'  -the  bottom.  Tliis  tapers  to  a  long  neck,  on  which 
the  calibration  mark  is  found.  The  specifications 
set  up  by  the  National  Bureau  of  Standards 
apply  to  all  volumetric  glassware  and  tlierefore  to 
volumetric- flasks  (Fig.  1-3).'^  Volumetric  flasks 
are  calibrated  to  contain  a  specific  amount  or 
volume  of  liquid,  and  therefore  the  letters  T.C. 
are  inscribed  somewhere  on  the  neck  of  the 
flask.  There  are  many  different  sizes  of  volumet¬ 
ric  flasks,  for  the  different  volumes  of  liquid  that 
are  used.  Tie  following  are  some  of  the  sizes  in 
which  volumetric  flasks  can  be  purchased:  10, 
25,  50,  100,  and  500  ml,  and  1  and  2  L. 

Volumetric  flasks  have  been  calibrated  indi¬ 
vidually  to  contain  the  specified  volume.  For 
each  size  of  volumetric  flask  mere  are  certain 
allowable  limits  within  which  its  volume  must  lie. 
Tiis  is  called  the  tolerance  of  the  flask.  All 
volumetric  glassware  has  a  specific  tolerance,  the 
capacity  tolerance,  which  is  dependent  on  the 
size  of  the  glassware.  For  example,  a  100-mi 
volumetric  flask  has  a  tolerance  of  ±0.08  ml. 
Conditions  are  controlled  during  the  calibration 
of  a  100-ml  volumetric  flask  to  guarantee  these 
limits.  A  tolerance  of  ±0.08  indicates  that  the 
allowable  limits  for  the  volume  of  a  100-ml 
volumetric  flask  are  from  99.92  to  100.08  mi.  A 
tolerance  of  ±0.05  mi  for  a  50-mi  volumeinc 


flask  indicates  allowable  limits  ranging  from 
49.95  to  50.05  mi  for  the  volume  of  tiic  flask. 
Volumetric  flasks  are  used  in  the  preparation  of 
specific  volumes  of  reagents  or  laboratory  solu¬ 
tions.  They  should  be  used  with  reagents  or 
solutions  at  room  temperature.  Solutions  diluted 
in  volumetric  flasks  should  be  repeatedly  ;nixed 
during  die  dilution  so  diat  the  contents  are 
homogeneous  before  they  are  made  up  to 
volume.  In  this  way,  errors  due  to  the  expansion 
or  contraction  of  liquids  during  mixing  are  made 
negligible.  An  important  factor  in  the  use  of  any 
volumetric  apparatus  is  an  accurate  reading  of 
the  meniscus  level.  For  more  information  on 
reading  a  meniscus,  see  under  General  Considera¬ 
tions  in  Pipetting. 

Graduated  measuring  cylinders 

A  graduated  measuring  cylinder  is  a  long  cylindri¬ 
cal  piece  of  glassware  with  calibrated  markings 
on  it.  Graduated  cylinders  are  used  to  measure 
volumes  of  liquids  when  a  higli  degree  of  accu¬ 
racy  is  not  essential.  They  can  be  made  from 
plastic  or  polyethylene  as  well  as  from  glass  (Fig. 
1-3).  Graduated  cylinders  come  in  various  sizes 
according  to  the  volumes  they  measure:  10,  25. 
50.  100,  500,  and  1000  ml.  A  100-mi  graduated 
cylinder  can  measure  100  ml  or  a  fraction  there¬ 
of,  depending  on  the  calibration,  or  graduation, 
marks  on  it.  Most  graduated  cylinders  are  cali¬ 
brated  to  deliver.  Tiis  will  be  indicated  directly 
on  the  glassware  by  the  inscnption  T.D.  Tie 
letters  T.D.  can  be  found  on  many  kinds  of 
volumetric  glassware,  especially  on  the  numerous 
kinds  of  pipets  used  in  the  laboratory  (see  under 
Pipets). 

Graduated  cylinders  can  be  used  to  measure  a 
specified  volume  of  a  liquid,  sucii  as  water,  in 
tile  preparation  of  laboratory  reagents.  The  cali¬ 
bration  marks  on  the  cylinder  indicate  us 
capacity  at  different  points.  If  450  mi  of  water  is 
to  be  measured,  the  most  satisfactory  cylinder  to 
use  wouid  be  one  with  a  capacity  of  500  ml. 
Graduated  cylindeis  are  not  calibrated  as  accu- 
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rately  as  volumetric  flasks.  Therefore,  the 
capacity  tolerance  for  graduated  cylinders  allows 
a  greater  variation  in  volume.  Tlie  capacity  toler¬ 
ance  is  greater  for  the  larger  graduated  cylinders. 
A  100-ml  graduated  cylinder  (T.D.)  has  a  toler¬ 
ance  of  ±0.40  ml,  meaning  tliat  the  allowable 
limits  are  from  99.60  to  100.40  ml. 

Pipets 

Pipets  arc  another  type  of  volumetric  glassware 
used  extensively  in  the  laboratory.  Many  types  of 
pipets  are  available.  It  is  important,  however,  to 
use  only  pipets  manufactured  by  reputable  com¬ 
panies.  Care  and  discretion  should  be  used  in 
selecting  pipets  for  clinical  laboratory  use,  since 
their  accuracy  is  one  of  the  determining  factors 
m  the  accuracy  of  the  procedures  carried  out.  .A 
pipet  is  a  cylindrical  glass  tube  used  in  measuring 
fluids.  It  is  calibrated  to  deliver,  or  transfer,  a 
specified  volume  from  one  vessel  to  another 
(Fig.  1-3). 

Each  pipet  has  at  least  one  calibration  or 
graduation  mark  on  it,  as  does  ail  volumetric 
glassware.  A  pipet  is  filled  by  using  mechanical 
suction  or  an  aspirator  bulb.  Moutli  suction  is 
never  used.  Strong  acids,  bases,  solvents,  or 
human  specimens  are  much  too  potent  or  con¬ 
taminated  to  risk  pipetting  iliem  by  mouth. 
Caustic  liquids  and  some  solvents  are  very 
dangerous:  some  destroy  tissue  unmediately  on 
contact.  Some  solvents 'have  harmful  vapors  (see 
under  Sakty  in  th.e  Laboratory  ). 

For  most  generr.l  laboratory  use.  there  are  two 
mam  types  of  pipets.  the  volumetric  (or  transfer) 
pipet  and  the  graduated  (or  measuring)  pipet. 
They  are  classified  according  to  whetiier  they 
contain  or  aeliver  a  specilied  amount.  For  this 
reason,  ihev  may  he  called  to-conicun  or  to- 
dclivcr  pipeis.  A  lo-contam  pipet  is  idemifien  by 
inscribed  loners  T.C.  and  a  lo-deiiver  one  by  tite 
letters  T.D.  Tlic  T.D.  pipet  is  fiiled  properly  and 
allowed  to  drain  compictcly  into  a  receiving 
vessel.  Poitions  of  nonvascous  samples,  such  as 
liliraies.  serum,  and  sianuaru  solutions,  are  accu¬ 


rately  measured  by  allowing  the  volumetnc  pipci 
to  drain  wliile  it  is  held  in  the  vertical  position 
and  by  using  only  tire  force  of  gravity  (see  under 
General  Pipetting  Procedure).  For  most  volu¬ 
metric  glassware  the  temperature  of  calibration  is 
usually  20°C.  and  this  is  inscribed  on  the  pi  pel 
(see  under  Calibration  of  Volumetric  Glassware). 

The  opening  (orifice)  at  the  delivery  tip  of  the 
pipet  is  of  a  certain  size  to  give  a  specified  Icngtli 
of  time  for  drainage  when  the  pipet  is  held 
vertically.  A  pipet  must  be  held  vertically  lo 
ensure  proper  drainage.  It  will  not  drain  as  tasi 
when  held  at  a  45°  angle.  The  actual  procedure 
is  discussed  further  under  Pipetting  (see  Pipctimg 
Tecluiique). 

V'oiiimerric  pipers 

A  pipet  that  has  been  calibrated  to  deliver  a 
fixed  volume  of  liquid  by  drainage  is  known  as  a 
volwnetric  pipet,  or  transfer  pipet.  These  pipets 
consist  of  a  cylindrical  bulb  joined  at  both  oiuis 
to  narrow  glass  tubing.  A  calibration  mark  is 
etched  around  the  upper  suction  tube,  and  the 
lower  delivery  tube  is  drawn  out  to  a  fine  tip. 
Some  important  considerations  concerning  volu¬ 
metric  pipets  are  tiiat  the  calibration  aiair^ 
should  not  be  too  close  to  the  top  ot  the  suciion 
tube,  the  bulb  shou'd  merge  gradually  into  tlie 
lower  delivery  tube,  and  the  delivery  tip  sliouui 
have  a  gradual  taper.  To  reduce  drainage  errors, 
the  orifice  siiould  be  of  such  a  size  that  the  ilu\'. 
out  of  the  oiret  is  not  too  rapid.  Tiicse  pipci' 
should  be  made  from  a  good-quality  glass,  mi.:: 
as  Kimax  or  Pv’rex  (Fig.  1-4). 

Volumetnc  pipeis  arc  suitable  tor  all  acciu”’'' 
measurements  'it  volumes  ol  I  ml  or  iiiuio.  f:..- 
are  calibrated  lo  deliver  the  ainuuni  mscniicd  "o 
mom.  This  volume  is  measured  from  the  cald''- 
ti(ui  .marK  to  the  tip.  ,A  5-ml  voiumetric  p'p-'' 
will  deiiver  a  single  mea.sured  volume  oi  ^  o- 
and  a  2-ml  voiumetric  pipet  will  deliver  - 
The  tolerance  of  voiumetric  pincts  increases  v. n 
the  capacity  of  tlie  pipet.  .A  lO-ml  voliimcu-- 
pipet  wul  liave  a  greater  tolerance  than  i  - 
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Fig.  1-4.  Types  of  pipets. 


one.  The  tolerance  for  a  5-mi  volumetric  pipet  is 
±0.01  ml.  When  volumes  of  liquids  are  to  be 
delivered  with  great  accuracy,  a  volumetric  pipet 
is  used.  Volumetric  pipets  are  used  to  measure 
standard  solutions,  unknown  blood  and  plasma 
filtrates,  serum,  plasma,  urine,  spinal  fluid,  and 
some  reagents. 

Measurements  with  volumetric  pipets  are  done 
individually,  and  the  volumes  can  only  be  whole 
milliliters  (e.g.,  1,  2,  5.  and  10  ml).  To  transfer 
1  ml  of  a  standard  solution  into  a  test  tube 
volumetrically,  a  1-ml  volumetric  pipet  is  used. 
To  transfer  5  ml  of  the  same  solution,  a  5-mi 
volumetric  pipet  is  used.  After  a  volumetnc  pipet 
drains,  a  drop  remains  inside  the  delivery  tip. 
This  drop  is  noT  to  be  blown  out:  the  specific 
volume  the  pipet  is  calibrated  to  deliver  is  de¬ 
pendent  on  the  fact  that  the  drop  is  left  in  the 
tip  of  the  pipet.  Information  inscribed  on  the 
pipet  includes  the  temperature  of  calibration 
(usually  20°C),  capacity,  manufacturer,  and  usage 
(T.D.).  Tire  technique  involved  in  using  volumet¬ 
ric  pipetb  correctly  is  very  important,  and  a 


certain  amount  of  skill  is  required  (see  under 
Pipetting  Technique). 

Graduated  pipers 

Another  way  to  deliver  a  particular  amount  of 
liquid  is  to  deliver  that  amount  of  liquid  con¬ 
tained  between  two  calibration  marks  on  a  cylin¬ 
drical  tube,  or  pipet.  Such  a  pipet  is  called  a 
graduated,  or  measuring,  pipet.  It  has  several 
graduation,  or  calibration,  marks  (Fig.  1-4).  Many 
measurements  in  the  laboratory  do  not  require 
the  precision  of  die  volumetric  pipet.  Graduated 
pipets  are  used  when  great  accuracy  is  not  re¬ 
quired.  Tliis  does  not  mean  that  these  pipets  may 
be  used  with  less  care  than  the  voiumetric  pipets. 
Graduated  pipets  are  used  primarily  in  measuring 
reagents,  but  they  are  not  calibrated  with  suffi¬ 
cient  tolerance  to  use  ui  measuring  standard  or 
control  solutions,  unknown  specimens,  or 
filtrates. 

A  graduated  pipet  is  a  straigJit  piece  of  glass 
tubing  with  a  tapered  end  and  graduation  marks 
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on  the  stem  separating  it  into  parts.  Depending 
on  the  size  used,  graduated  pipets  can  be  used  to 
measure  parts  of  a  milliliter  or  many  milliliters. 
Tliese  pipets  come  in  various  sizes  or  capacities, 
including  0.1,  0.2,  1,  2,  5,  10,  and  25  ml.  If  4  ml 
of  deionized  water  is  to  be  measured  into  a  test 
tube,  a  5-ml  graduated  pipei  would  be  the  best 
choice.  Since  graduated  pipets  require  draining 
between  two  marks,  they  introduce  one  more 
source  of  error,  compared  with  the  volumetric 
pipets  witli  only  one  calibration  mark.  Tliis 
makes  measurements  with  tlie  graduated  pipet 
less  precise.  Because  of  tliis  relatively  poor  pre¬ 
cision,  die  graduated  pipet  is  used  where  speed  is 
more  important  than  precision.  It  is  used  for 
measurements  of  reagents  and  is  generally  not 
considered  accurate  enougii  for  measuring  sam¬ 
ples  and  standard  solutions. 

Two  types  of  pipets  are  calibrated  for  delivery 
(Fig.  1-4).  One  (called  a  Mohr  pipet)  is  calibrated 
between  two  marks  on  the  stem,  and  the  other 
(a  serological  pipet)  has  graduation  marks  down 
to  the  delivery  tip.  The  serological  pipet  has  a 
larger  orifice  and  therefore  drains  faster  than  the 
Mohr  pipet  (see  under  Serological  Pipets). 

The  volume  of  the  space  between  the  last 
calibration  mark  and  the  delivery  tip  is  not 
known  in  the  Moiir  pipet.  In  graduated  pipets, 
this  space  cannot  be  used  for  measuring  fluids. 
Graduated  pioets  are  calibrated  in  much  tiie  same 
manner  as  volumetric  pipers:  nowever,  they  are 
nut  constructed  with  as  strict  specifications  and 
they  have  larger  capacity  tolerances.  Tne  allow¬ 
able  toieiance  for  a  5-ml  graduated  pipet  is 
±0.02  mi. 


To’Cortiain  pipers  (niicropipeis) 

The  to-contain  pipet,  when  used  properly,  is  one 
ot  the  more  precise  pipets  used  in  the  clinical 
laoorator\'.  ihis  type  ot  pipci  is  calibrated  to 
contain  a  specified  amount  of  liquid.  If  a  pipet 
contains  only  0.1  mi,  and  0.!  ml  of  blood  is 


needed  for  a  chemistry  determination,  then  none 
of  the  blood  can  be  left  inside  the  pipet.  The 
entire  contents  of  the  pipet  must  be  emptied.  If 
this  pipet  is  rinsed  well  with  a  diluting  solution, 
then  ail  the  blood  or  similar  specimen  will  be 
removed  from  it.  The  correct  way  to  use  a 
to-contain  pipet  is  to  rinse  it  with  a  suitable 
diluent.  Thus,  a  to-contain  pipet  cannot  be  used 
properly  unless  the  receiving  vessel  contains  a 
diluent;  that  is,  a  to-contain  pipet  should  not  be 
used  to  deliver  a  specimen  into  an  empty  receiv¬ 
ing  vessel.  Since  all  the  liquid  in  a  to-contain 
pipet  is  rinsed  out  and  used,  there  is  only  one 
graduation  mark. 

To-contain  pipets  are  used  when  micro 
amounts  of  blood  or  specimen  are  needed,  and 
tliey  are  also  called  micropipets  in  many  areas  of 
the  laboratory.  .Many  procedures  require  only  a 
small  amount  of  blood,  and  a  micropipet  is  used 
for  this  measurement.  Because  even  a  mmute 
volume  remaining  in  the  pipet  can  cause  a  signifi¬ 
cant  error  in  micro  work,  most  micropipets  are 
calibrated  to  contain  (T.C.)  the  stated  volume 
rather  dian  to  deliver  it.  They  are  generally 
available  in  small  sizes,  such  as  20,  50,  100,  and 
200  pi.  A  common  micropipet  used  is  the  Saiili 
hemoglobin  pipet,  calibrated  to  contain  0.02  ml 
or  20  pi. 

A  special  disposable  micropipet  used  in  the 
hematology  laboratory  is  a  self-.filling  pipet  ac¬ 
companied  by  a  polyethylene  reasent  reservoir 
(see  under  Hematology).  Tliis  unit  is  called  a 
Unopette  (Becton.  Dickinson  Sc.  Co.,  Rutiierford, 
.N.J.)  and  is  used  by  many  laboratories.  A  glass 
capillary  pinet  is  fitted  in  a  plastic  holder  and 
tills  automatically  with  blood  by  means  of  capil¬ 
lary  action.  The  plastic  reagent  bottle  (called  the 
rcscp/oir)  is  squeezed  siigiitly  while  tiie  pipet  is 
in.ccrted.  On  release  of  pressure,  the  sanipie  is 
drawn  into  the  diluent  in  die  reservoir.  Intermit¬ 
tent  squeezing  liils  and  empties  tiie  pipet  to  rinse 
out  the  contents  of  the  pipet.  Tins  type  of  unit 
has  been  aaapted  tor  several  cneniicai  and  hema¬ 
tological  determinations. 
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Ostwuld  piiu'ts 

A  special  type  oi'  pipet  desig^iod  for  use  in 
mcasunuj;  viscous  fluios  such  as  bicod  or  ...Tum 
is  known  as  tJie  pipct  (or  uie  fysnwhi- 

Folin  pipet).  Wlien  biooU  is  re  measured  in 
the  ciicniistry  laboiauny.  ti'.e  Ost\v;iid  p’per  is 
used.  This  pipet  is  similir  in  :-pj.ea.'-atice  t-'  d’.c 
volumetric  pipet.  e.xccrt  Uisi.  buib  is  clviser 
to  the  delivery  tip  (Id^.  Csf.vaid  pipets  are 

usually  calibrated  to  be  biow>  -uit.  and  theiefore 
an  etched  ring  or  bnud  will  be  seen  near  the 
suction  hole.  To  minimize  tiic  effects  of  vis¬ 
cosity,  the  Ostwaid  epet  is  designed  with  a  large 
oval  bulb  and  a  short  delivery  'ip. 

Ostwaid  pipets  come  in  several  sizes;  rise  most 
common  ones  are  0.5,  1,  and  2  ml.  When  using 
an  Ostwaid  pipet  to  measure  Idood,  tiie  blood 
should  be  allow'ed  to  drain  as  slowly  as  possible 
so  tiiat  no  residual  film  is  left  or.  die  sides  of  the 
pipet.  Contrary  to  the  usua!  practice  of  reading 
the  bottom  of  the  meniscus  ^'or  liquids  being 
measured  by. pipet,  when  blood  ts  pipetted  in  the 
Ostwaid  pipet,  the  top  of  tire  meniscus  is  read 
(blood  is  not  transparent  and  the  bottom  of  the 
meniscus  cannot  be  seen  clearly). 

Serological  pipers 

Another  pipei  used  in  the  laboratory,  but  not 
often  in  the  chemistry  laboratory,  is  calltau  a 
serological  pipet.  It  is  much  like  the  graduated 
pipet  in  appearance  (Fig.  1-4).  The  orifice,  or  tip 
opening,  is  larger  in  tlie  serological  pipet  tiian  m 
other  pipets.  The  rate  of  fall  of  liquid  is  much 
too  fast  for  great  accuracy  or  precision.  For  use 
in  chemistry  it  would  be  necessar/  to  retard  ihe 
flow  of  liquid  fiom  the  delivery  tip  of  the 
serological  pipet.  The  serological  pipet  is  grad¬ 
uated  to  the  end  of  die  delivery  tip  anu  has  an 
etched  band  on  the  suction  piece.  It  is  therefore 
designed  to  be  blown  out.  The  serological  pipe: 
is  less  precise  than  any  of  die  pipets  discussed 
above.  It  is  designed  for  use  m  seroiogy,  v/hsie 


relative  values  are  sought.  It  is  best  not  to  use 
the  serological  pipet  for  chemistry. 

Stopcock  pipers 

Tlio  stopcock  pipet  is  designed  for  delivering 
blood  into  a  Van  Slyke  machine,  which  is  used 
foi  tlic  determination  and  analysis  of  gases  such 
as  o.xygen  and  carbon  dioxide.  Tlie  stopcock 
pipe:  can  be  used  to  deliver  anything  that  is  not 
to  be  exposed  to  the  air.  It  resembles  a  small 
volumetric  pipet  with  a  stopcock  attached  near 
d\e  delivery  tip:  this  is  used  for  better  control  of 
the  delivery  of  the  sample  into  the  machine. 
Stopcock  pipets  have  two  calibration  marks,  one 
on  either  side  of  the  bulb. 


A  iiTomatic  pipets 

Automatic  and  semiautomatic  versions  of  pipets 
are  useful  in  inany  areas  of  laboratory  work.  Use 
of  automatic  pipetting  devices  eliminates  pipet 
cleaning  and  reduces  tlie  error  resulting  from  the 
variation  in  pipetting  techniques.  Several  differ¬ 
ent  types  are  avaiicule,  and  each  must  be  care¬ 
fully  calibrated  before  it  is  used.  The  problems 
encountered  with  automatic  pipetting  devices 
depend  to  a  large  degree  on  the  nature  of  the 
solution  being  pipetted.  Some  reagents  cause 
more  bubbles  than  others,  and  some  are  more 
viscous.  Each  of  these  tendencies  can  cause  prob¬ 
lems  with  the  measurement  and  delivery  of  sam¬ 
ples  and  solutions. 

Automatic  pipetting  devices  permit  measuring 
out  a  whole  series  of  equal  volumes.  They  pro¬ 
vide  very  efficient  delivery  of  equal  volumes  of 
sijecimens  followed  by  equivalent  volumes  of 
diluent.  These  automatic  devices  can  be  operated 
eidier  manually  or  by  a  motor.  Since  proper  care 
and  calibration  are  essential  for  accurate  sam¬ 
pling,  it  is  important  to  read  and  follow  the 
manufactUTcr’s  instructions. 
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under  Safety  iii  the  Liiboiaioiyj  'ha  rii!*'  ■  v 
allowed  lo  soak  in  the  clcantiij:  m.  a) 

minutes. 

Tlie  next  step  involves  iliorou;:^'  .ii^aiu.  l:’." 
pipets.  Tliis  can  be  accomplish''-.'  b.y  1  'v.; 

more  often  it  is  done  wiiii  the  aul  oi  -- 
matic  pipet  washer.  Tlic  nipcis  jic  nr.'‘e^.  .iui 
tap  water,  utilizing  tlic  automaii :  pipe. 
for  1-2  hours.  They  arc  ilren  rinseil  i.".  ! 

or  distilled  water  two  or  tiirec  times  anJ  Ji.c  :  ;:'i 
a  hot  oven.  An  alternative  cleaning  solution  is 
solution  of  detergent.  However,  the  acid  clca:'.  ug 
solution  is  recommended. 

Geaning  diluting  pipets 

Pipets  used  in  the  he.-iatology  laboratory  for 
dilution  are  also  cleaned  in  a  special  way.  Tb.ey 
should  always  be  rinsed  immediately  after  use, 
preferably  by  being  placed  in  a  tumbler  or 
beaker  of  water  until  they  are  cleaned.  There  are 
several  ways  to  clean  these  pipets,  but  in  general 
they  are  first  cleaned  with  tap  water,  then  with 
distilled  water,  and  finally  rinsed  witli  eitlrer 
alcohol  or  acetone.  Acetone  assists  in  drying  the 
inside  of  the  pipet.  Usually  the  cleaning  is  done 
with  suction,  using  a  special  pipet  holder  that  fits 
onto  the  suction  apparatus.  The  pipets  are  also 
dried  with  suction.  Periodically,  the  pipets  should 
be  cleaned  with  a  detergent  solution,  rinsed  well, 
and  dried. 

Geaning  photometry  cuvettes 

Cuvettes  must  be  scrupulously  clean  and  free 
from  grease  smudges  or  scratches.  As  soon  as 
possible  after  use,  cuvettes  should  be  nnsed  with 
tap  water,  filled  with  a  mild  detergent  solution, 
and  placed  in  a  rubberized  test  tube  rack.  It  is 
best  not  to  put  them  into  a  regular  dishwashing 


■  '.••.ket  where  tl'-'v  rub  against  each  other 

•  '<;  Sc  scrarc  .  Aiicr  standing  with  tlie  detcr- 
■jc:''.  solutici..  cuvettes  are  rinsed  several 

'imes  wirh  li;'  ••■u.ei  aiui  two  or  tliree  times  with 
-is  dlcd  or  water.  When  drv'ing  cu- 

veres,  high  tc;:  c  narurcs  and  unclean  air  sliould 
I  ■,  ,..oidcd.  i  "  to  ;.'icdium  oven  (not  above 
r.v'  C)  can  S*  "-e.  r-.T  lapid  drying.  In  some 
■.i.i.:'r::tories,  J'e  jpccuii  dishwasliing  m.!- 

ci'.mes  iltai  c:.ni  a-.’.'..aua‘.ei..  handle  cuvettes. 

'oiuss  bresknnr:  e-'rvl  rtriiiacament 

It  is  dmportar.t  .i:c  c'hucaJ  laboratory  to  check 
iiil  giasswan.  r-'v-. to  determi.ne  its  condi¬ 
tio;:.  N'o  orvik'..:  'Dunpea  glassware  should  be 

usrd.  Many  la.-ma  -vv  accidents  arc  caused  by 
rh-c  use  of  bro.lsC  '  giussv.'are.  Serious  cuts  may 
result,  and  infVcn  jns  may  set  m. 

Each  time  a  ’ahvna'ory  procedure  is  carried 
out.  the  i.'las.s’A  e  ■“'■ea  miould  be  checked;  equip¬ 
ment  such  a.s  CIS.  pipe  IS,  test  tubes,  and 
fiaslcs  should  ii-.'t  I'.avc  broken  edges  or  cracks. 
To  pt'event  b'^f'ka-e.  giass'varc  should  be  handled 
carefully;  carrymv  .O'j  muen  glassware  at  one 
time  from  one  place  o  anoilier  in  the  laboratory 
is  to  be  avoi do.  1. 

Wlien  alas.s-'-Jie  is  bro‘;., u.  it  must  be  replaced 
with  another  iikc  niece.  Breakage  should  be 
reported  to  an  mstrucior  or  department  head,  so 
tliat  replacement  can  be  mranged.  Several  labora¬ 
tory  equipment  catalogs  a'c  available  from  which 
the  required  items  may  be  ordered.  These  cata¬ 
logs  are  disu'.b'cLCvl  oy  supply  companies  that 
handle  laboiaiory  cauipineui.  Tliey  desenbe  the 
quality,  capo.crp.-.  roiei.mce.  and  cost  of  the 
available  items.  To  purcliase  equipment  at  liic 
most  reasonable  price  n  is  .iUvisabie  to  compare 
specific  items  in  sc'erai  dilicient  catalogs. 


THE  MICROSCOPE 

The  microscope  is  probably  the  piece  of  equip-  naieiy,  misuse)  in  the  ciimcai  laboratory.  .Micros- 
ment  that  receives  the  most  use  (and,  unfortu-  copy  is  a  basic  part  of  the  work  in  many  areas 
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"PIPETS"  (Cont’d) 


soap,  detergent,  or  clee^ning  powder.  In  most 
laboratories,  detergents  are  used.  If  the  dirty 
glassware  has  been  soaking  in  a  solution  of  the 
detergent  water,  the  cleaning  job  will  be  much 
easier. 

General  cleaning  procedure 

There  are  various  speciTc  metlrods  of  cleaning 
laboratory  glassware.  Most  glassware  (with  the 
exception  of  pipets)  can  be  cleaned  in  tlie  fol¬ 
lowing  way. 

1.  Put  the  specified  amount  of  detergent  into  a 
dishpan  or  washing  bucket  containing  moderately 
hat  water.  /Mlow  the  detergent  to  dissolve 
thoroughly. 

2.  Rinse  3la.ssware  (or  Cher  items  tiiat  can  be 
washed)  in  tap  water  before  placing  it  in  tiic 
detergent  solution.  Never  aiiow  dirty  glassware  to 
dry  out;  always  place  it  in  a  soaking  bucket. 
Glassware  sliould  be  conipiciciy  submerged  in  the 
bucket  or  pan.  Fill  large  pieces  witii  detergent 
water  and  set  aside  ro  soak.  Soaking  glassware 
for  at  least  1  Iiour  before  washing  makes  the 
washing  procedure  much  more  etfirnent. 

3.  Using  a  cleaning  brush .  thorougl'.ly  scrub  the 
glassware,  being  certain  io  clean  all  parts.  Brushes 
of  various  sizes  should  be  avaiiabio  to  tit  fhe 
different-sized  test  tubes,  flasks,  funnels,  and 
bottles.  Excessive  brushing  and  imuroper  use  of 
brushes  may  cause  scraicjung  of  'be  glassware. 
Avoid  the  use  of  abrasive  cleaners  en  glassware. 

4.  Rinse  glassware  under  :uiii.':ig  tap  water; 
allow  the  water  to  run  uiio  cru.i;  o.oce  of  class 

i  w 

ware,  pour  it  out,  and  repeat  severat  tunes  (7-lt) 
times  is  sufficient).  Rinse  the  outside  o''  ihe 
gla.ssware  too.  It  is  especiaiiv  m.portanr  :0 
remove  all  ‘he  deiergen:  rhe  giasswam 

before  use:  if  detergent  remains,  ilae  alkaii  in  ;t 
may  interfere  '.vitli  laboratcrp  de Simulations. 

5.  After  thorougitly  linsu-.c  die  ya.sswarc  witi; 
tap  water,  rinse  it  with,  disniiou  or  deionized 
water  about  three  times.  C.-n.ain  giasswmc  used 
for  microbiological  studies  requires  even  loriger 
rinsing  with  deionized  water.  lAe  deionized  or 


distilled  water  in  the  final  rinsing  of  ail  labora¬ 
tory  glassware. 

6.  Glassware  may  be  dried  in  a  hot  oven  (no 
hotter  tlian  lOO^C)  or  at  room  temperature.  If 
a  higher  temperature  is  used,  the  glassware  can 
become  distorted.  Always  dry  glassware  or  other 
equipment  in  an  inverted  position  to  ensure 
complete  drainage  of  water  as  it  dries.  Never  dry 
laboratory  ware  with  a  towel.  Do  not  dry  plastic- 
ware  or  rubber  items  in  an  oven. 

7.  Check  the  glassware  for  cleanliness  by  ob¬ 
serving  the  water  drainage.  Qiemicaily  clean 
glassware  will  drain  uniformly;  dirty  glassware 
will  drain  leaving  water  droplets  adhering  to  the 
walls  of  the  glass. 

Gearing  pipets 

Pipets  used  in  the  laboratory  are  cleaned  in  a 
special  way.  Immediately  after  use,  the  pipets 
should  be  placed  in  a  special  pipet  container  or 
cylinder  containing  water;  the  water  should  be 
liigli  enough  to  completely  cover  the  pipets. 
Pipets  should  be  carefully  placed  in  the  container 
to  .ivoid  breakage.  When  the  pipets  are  to  be 
cleaned,  they  are  removed  from  the  cylinder  and 
p'eccd  m  another  cylinder  containing  an  acid 
cleaning  solution.  Tliis  cleaning  solution  is 
u.'uaiiy  a  combination  of  sulfuric  acid  and  either 
poumdum  pr  .sc.iium  dichromate  (called  acid- 
d'ciK-:^  .'.ate  solution K  Acid-dichromate  cleaning 
SvTK.u  •!:  may  be  purchased  commercially,  or  it 
may  pvcparcu  I'v  dissolving  100  g  of  sodium 
M!  ;  .  m  -ium  diciuoniate  m  100  mi  of  water  and 
.siv)wl  .  'ibng.  w.Liiu  stirring,  the  contents  of  one 
■:  :i;t;  o[  tccbu'cai  grade  sulfuric  acid.  For 
r.m'u  ii.u  uii'.g  iurmg  Uic  preparation,  the  con- 
'am'’-  .  !  .•:iu  s.  iudoii  sliould  placed  in  a  pan 
.^'  uold  "'aTcr  because  of  die  great 
cm"'.'.;  ■  .r'jj 'u:.  on  mixing  the  acid  and 

''  i;/'  j-'.'g'.i'.e.-i  Nln.mld  always  be  worn 
ourmc  ='"■  m  ma.  ..  cm  jf  tins  solution,  as  should 
rubooi  ■vm'es  '..mi  a  ormcctive  apron.  It  is  an 
cxiro'U'.:;.  potent  sonuion,  and  it  must  bo  hiin- 
died  mm nurns  wiil  result  (see 
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JOB  SHEET  003-001-001 


"REVIEW  PIPETS" 


SELECT  THE  BEST  ANSWER. 


A  cylindrical  glass  tube  used  in  measuring  fluids  and  calibrated  to  deliver, 
or  transfer,  a  specified  volume  from  one  vessel  to  another  is  a  _ 


A. 

B. 

C. 

D. 


pipet 

flask 

cylinder 

buret 


bulb. 


is  filled  by  using  mechanical  suction  or  an  aspirator 


A. 

B. 

C. 

D. 


pipet 

flask 

cylinder 

buret 


3^  suction  is  never  used  because  strong  acids,  bases, 

solvents,  or  human  specimens  are  too  potent  or  contaminated  to  pipet  by  mouth 


A.  Mechanical 

B.  Bulb 

C .  Mouth 

D.  Automatic 


4.  For  most  general  laboratory  use,  there  are  two  main  types  of  pipets 

A.  volumetric,  graduated. 

B.  graduated,  volumetric. 

C.  micropipets,  ostwald. 

D.  serological,  automatic. 

5.  A  to-contain  pipet  is  identified  by  inscribed  letters  _ 

one  bv  the  letters  _ . 


and  to-deliver 


A.  T.C. ,  T.D. 

B.  T.D. ,  T.C. 

C.  V.P.  ,  G.P. 

D.  G.P. ,  V.P. 

For  most  volumetric  glassware  the  temperature  of  calibration  is 
and  this  is  inscribed  on  the  pipet. 


A. 

B. 

C. 

D. 


5°C 
10°C 
20°C 
25  °C 
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"REVIEW  PIPETS"  (Cont’d) 

7.  Volumetric  flasks,  pipets,  graduated  cylinders,  and  burets  are  examples  of 


A. 

containers . 

B. 

receivers. 

C. 

plasticware. 

D. 

glassware. 

A 

pipet  must  be  held 

to  ensure  proper  drainage. 

A. 

horizontal 

B. 

vertical 

C. 

parallel 

D. 

diagonal 

A 

volumetric  pipet  calibrated 

to  deliver  a  fixed  volume  of  liquid  by  drainage 

is 

a 

pipet. 

A. 

graduated 

B. 

transfer 

C. 

serological 

D. 

measuring 

Volumetric  pipets  are  suitable 

for  all  accurate  measurements  of  volumes  of 

or  more. 

A. 

1  ml. 

B. 

2  ml. 

C. 

5  ml. 

D. 

10  ml . 

11.  A  measuring  pipet  delivers  that  amount  of  liquid  contained  between  two 
calibration  marks  on  a  cylindrical  tube.  This  is  a 

pipet. 

A.  graduated 

B.  serological 

C.  volumetric 

D.  automatic 

12.  To-contain,  or  _ pipets  are  used  when  micro  amounts  of 

blood  or  specimen  are  needed. 


A.  Ostwald 

B.  transfer 

C.  micro 

D .  Mohr 
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"REVIEW  PTPETS"  (Cont’d) 


A  special  type  of  pipet  designed  for  use  in  measuring  viscous  fluids  such  as 
blood  or  serum  is  the  _ _ _ pipet, 

A.  Stopcock 

B.  graduated 

C.  volumetric 

D.  Ostwald 

Another  pipet  used  in  the  laboratory  for  use  in  serology  is  _ 

A.  serological. 

B.  graduated. 

C.  volumetric. 

D.  measuring. 

The  pipet  used  for  the  determination  and  analysis  of  gases  such  as  oxygen 
and  carbon  dioxide  is  _ _ _ 

A.  Ostwald-Folin. 

B .  measuring . 

C.  Stopcock. 

D.  serological. 

With  automatic  and  semi-automatic  versions  of  pipets  it  is  important  to  read 

and  follow  the  manufacturer’s  instructions  and  _ _ _ 

before  it  is  used. 

A.  wash 

B.  standardize 

C.  rinse 

D.  calibrate 

Immediately  after  use,  the  pipets  should  be  _ ^ _  in  an 

acid-dichromate  solution  or  detergent  solution  and  rinsed  well. 

A.  washed 

B.  cleaned 

C.  rinsed 

D.  stirred 

and  correct  first-aid  procedures  cannot  be  over- 
emphasized  to  anyone  working  in  the  medical  laboratory. 

A.  Common  Sense 

B.  OSHA 

C.  Labeling 

D.  Safety 
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INTERMEDIATE  OBJECTIVE 


PERFORM  PIPETTING. 


LEARNING  STEPS  (Activities) 


1.  Observe  Resource  for  a  demon¬ 
stration  on  pipetting  using  different 
types  of  pipets. 

2.  Complete  Resource  ^2  for  identifica¬ 
tion  of  pipets. 

3.  Complete  Resource  #3  for  practice 
on  pipetting. 

4.  When  you  feel  you  have  mastered 
this  task.,  complete  Resource  #4 
for  a  performance  evaluation. 

5.  Complete  Resource  ^5  for  a  written 
evaluation. 


6.  Proceed  to  Resource  ^6  for  the 
next  learning  guide. 


RESOURCES 


See  instructor. 


.  Job  Sheet  003-002-002,  "Identify 
Pipets,"  pg.  16  ,  in  this  SLG. 

.  Job  Sheet  003-002-003,  "Pipetting," 
Pg.  IT  ,  in  this  SLG. 

.  Performance  checklist  Task  #  003 

"Perform  Pipetting,"  Pg.  10  ,  in  this 
SLG.  See  instructor  for  evaluation. 

.  Written  Criterion  Exam,  "Perform 
Pipetting,"  Task  #  003,  in  the  LRC. 
See  LRC  Secretary. 

6.  See  instructor. 
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JOB  SHEET 


003-002-002 
"IDENTIFY  PIPETS" 


A.  Place  one  pipet  of  each  kind  in  the  lab  on  the  table. 

B.  Refer  to  the  Resource  information  in  this  learning  guide  and  Scientific 
Products  or  Fischer  or  catalogs  as  such  located  in  the  Medical  Assisting  Lab 

C.  Make  a  poster  pasting  pictures  of  each  pipet  and  giving  a  full  description 
of  each. 

D.  Laminate  for  protection. 
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DIRECTIONS  TO  THE  STUDENT: 
Given  the  necessary 


JOB  SHEET 

003-002-003 

’’PIPETTING" 


tools  and  equipment, 


perform  pipetting. 


NECESSARY  TOOLS  AND  EQUIPMENT: 

Volumetric  Pipet 
Graduated  Pipet 
Serological  Pipet 
Micropipet 


Whole  Blood  or  Water 
Test  Tubes  on  Vacutainer 

(With  Water)  (With  IVhole  Blood) 
Rack 

Suction  Bulb 


PROCEDURE: 

1.  Place  test  tubes  upright  in  a  test  tube  rack  on  vacutainer  tubes. 

2.  Read  procedure  manual  for  individual  pipet  procedures. 

3.  Fill  the  pipet  with  blood  or  water  (whatever  instructor  has  available). 

4.  Throw  away  vacutainer  tubes  in  proper  receptacle. 

5.  Clean  test  tubes. 

6.  Clean  working  area. 

7.  Wash  hands. 


PERFORMANCE/PRODUCT  CHECKLIST 


Program;  medical  assisting 


Task  No:  oo3 


Student’s  Name: _ _ _ _ _ 

Evaluator’s  Name: - — 

Performance  Attempt:  12  3  4 


Date  Of  Attempt: 
Evaluation  Site:  _ 


LCAVC 


Terminal  Performance  Objective: 

GIVEN  THE  NECESSARY  TOOLS  AND  EQUIPMENT,  PERFORM  PIPETTING. 


Directions  To  The  Student: 

Before  attempting  this  task  for  mastery,  carefully  review  this  checklist.  You  will  be  eval¬ 
uated  on  the  basis  of  this  checklist.  When  you  feel  you  are  ready  for  evaluation,  contact  your 

instructor.  You  must  complete  your  performance  within - LQ - minutes  and  must 

score  at  least out  of  _J_  points  or _ 100 - o/^  for  mastery.  Critical 

items  are  marked  with  an  asterisk  (*).  These  items  must  be  satisfactorily  completed. 


Directions  To  The  Evaluator: 

The  student  will  contact  you  when  ready  for  the  evaluation.  The  student  must  complete 
the  performance  within  10 _ minutes  and  must  score - i - out  of - i - 


RATING 


CRITICAL 

ITEI-IS 


ITLMS  TO  BE  OBSERVED  OR  CHECKED 


★ 


•k 


ir 


★ 


1.  Wash  hands. 

2.  Pipet  with  pipets  given  to  you  by  your  instructor. 

3.  Clean  up  working  area  and  test  tubes. 

4.  Store  in  proper  place. 


TOTAL  POINTS  EARNED  =• 


POINTS  NEEDED  FOR  MASTERY  - 
TOTAL  POINTS  POSSIBLE  -  4 
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PROGRA.M  MEDICAL  ASSISTING 


CRITIiRIOX  HXAM 

I’ASK  =  003 


[HRLCTIONS; 

nil-:  PURPosr.  oi-  this  iixam  is  to  f)HTi;RMi\i:  ivnirniHR  or  xot  you  iia\1: 
UNDliRSTOOn  niT  IN’FOIIMATION  ON  PIPETTING. 


FTich  of  the  questions  or  incomplete  statements  below  is  followed  by- 
several  words,  phrases,  or  a  series  of  numbers.  Choose  the  one  which 
best  answers  the  question  or  completes  the  statement  correctly.  Place 
the  letter  associated  with  that  choice  (A,B,C  or  O')  in  the  numbered 
blank  space  on  your  ANSWER  SHEET.  00  NOT  WRITE  ON  THIS  TEST! I :  To 

master  this  e.xam  you  must  answer  19  out  of  20 _ 

items  correctly,  _ 95 _ _ 
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WRITTEN  CRITERION  EXAfllNATION 


'’PERFORM  PIPETTING” 


SELECT  THE  BEST  ANSWER. 

-  and  correct  first-aid  procedures  cannot  be  over¬ 
emphasized  to  anyone  working  in  the  medical  laboratory. 

A.  Common  sense 

B.  OSHA 

C.  Labeling 

D.  Safety 

2.  A  volumetric  pipet  calibrated  to  deliver  a  fixed  volume  of  liquid  by  drainage 
is  a  _ pipet. 


A.  graduated 

B.  transfer 

C.  serological 

D.  measuring 


5.  A  cylindrical  glass  tube  used  in  measuring  fluids  and  calibrated  to  deliver, 
or  transfer,  a  specified  volume  from  one  vessel  to  another  is  a  _ 


A.  pipet 

B.  flask 

C.  cylinder 

D .  buret 

\Vear  when  preoaring  reagents  with  strong  chemicals 

such  as  dichromate  acid  cleaning  solution  used  to  clean  laboratory  glassware. 


A.  sterile  gloves 

B.  safety  goggles 

C.  lab  apron 

D.  lab  coat 

A  to-contain  oioet  is  identified  by  inscribed  letters 
to-deliver  one  bv  the  letters 


and 


A. 

T.C.  , 

T.D. 

B. 

T.D.  , 

T.C. 

C. 

V  ° 

G.P. 

D. 

fi  ^ 

VJ  *  A  •  ^ 

V.P. 

6.  Volumetric  flasks,  oipets ,  graduated  cylinders,  and  burets  are  examoles  of 


containers . 
receivers . 
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WRITTEN  CRITERION  EXAMINATION  (Cont'd) 


’’PERFORM  PIPETTING” 


Use 

caution  when 

any  specimen  from  a  patient. 

A. 

handling 

B. 

pipetting 

C. 

preparing 

D. 

collecting 

The 

pioet  used  for  the 

determination  and  analysis  of  gases  such  as  oxygen 

and 

carbon  dioxide  is 

• 

A. 

Ostwald-Folin. 

B. 

measuring . 

C. 

Stopcock. 

D. 

serological . 

suction  is  never  used  because  strong  acids,  bases, 
solvents ,  or  human  specimens  are  too  potent  or  contaminated  to  pipet  by  mouth. 

A.  Mechanical 

B.  Bulb 

C .  Mouth 

D.  Automatic 


A  measuring  pipet  delivers  that  amount  of  liquid  contained  between  two 

calibration  marks  on  a  cylindrical  tube.  This  is  a  _ _ 

pipet. 

A.  graduated 

B.  serological 

C.  volumetric 

D.  automatic. 

A  pipet  must  be  held  _ _  to  ensure  proper  drainage. 

A.  horizontal 

B.  vertical 

C.  parallel 

D.  diagonal 

Another  oipet  used  in  the  laboratory  for  use  in  serology  is  _ 

A.  serological. 

B.  graduated. 

C.  volumetric. 

D.  measuring. 
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WRITTEN  CRITERION  EXAMINATION  (Cont'd) 


"PERFORM  PIPETTING" 

is  filled  by  using  mechanical  suction  or  an  aspirator 

bulb . 


A.  pipet 

B.  flask 

C.  cylinder 

D.  buret 


14.  Immediately  after  use,  the  pipets  should  be  _ _ _ 

acid-dichromate  solution  or  detergent  solution  and  rinsed  well. 


A.  washed 

B.  cleaned 

C.  rinsed 

D.  stirred 


15.  For  most  general  laboratory  use,  there  are  two  main  types  of  pipets: 


A.  volumetric,  graduated. 

B.  graduated,  volumetric. 

C.  micropipets,  ostwald. 

D.  serological,  automatic. 


16.  Volumetric  pipets  are  suitable  for  all  accurate  measurements  of  volumes  of 

or  more. 


A.  1  ml. 

B.  2  ml . 

C.  5  ml. 

D.  10  ml. 


18 


A  special  type  of  pipet  designed  for  use  in  measuring  viscous  fluids  such  as 
blood  or  serum  is  the  _ _  pipet. 

A.  Stopcock 

B.  graduated 

C.  volumetric 

D.  Ostwald 

For  most  volumetric  glassware  the  temperature  of  calibration  is  _ 

and  this  is  inscribed  on  the  pipet. 


A. 

3. 

C. 

0. 


3°C 

lO^C 

20°C 

25°C 
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WRITTEN  CRITERION  EXAMINATION  (Cont’d) 


PERFORM  PIPETTING’ 


19.  To-contain,  or 


pipets  are  used  when  micro  amounts  of 


blood  or  specimen  are  needed. 

A.  Ostwald 

B.  transfer 

C.  micro 

D .  Mohr 

20.  With  automatic  and  semi-automatic  versions  of  pipets,  it  is  imnortant  to  read 

and  follow  the  manufacturer’s  instructions  and  _ _ 

before  it  is  used. 


A.  wash 

B.  standardize 

C.  rinse 

D.  calibrate 


/' 
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TASK:  OPERATE  CENTRIFUGE 


AS  A  LABORATORY  WORKER  YOU  WILL  BE  EXPECTED  TO  KNOW  WHY  AND 
HOW  TO  OPERATE  EACH  TYPE  OF  EQUIPMENT  IN  THE  LABORATORY.  THIS 
ENSURES  PROPER  PROCEDURE  AND  SAFE  OPERATION.  THIS  LEARNING  GUIDE 
WILL  ASSIST  YOU  IN  OPERATING  A  CENTRIFUGE. 


LEARNING  CONTRACT  (optional) 


2.  TERMINAL  PERFORMANCE  OBJECTIVE 

Given  a  centrifuge  and  necessary  tools,  you  will  operate  a  centrifuge.  To 
master  this  task  you  must  score  5  out  of  6  (90%)  on  a  performance  checklist 
and  14  out  of  15  (90%)  on  a  written  criterion  examination. 
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Describe  centrifuge. 


INFORMATION  SHEET 

004-001-001 

’’Use  of  the  Centrifuge” 


USE  OF  THE  CENTRIFUGE 

Taken  from  textbook: 

BASIC  TECHNIQUES  FOR  THE  MEDICAL  LABORATORY 
by;  J.  Linne  and  K  Ringsrud 

CENTRIFUGES 

Taken  from  textbook: 

MOSKY^S  FUNDAMENTALS  OF  MEDICAL  ASSISTING 
by:  M.  Shea  and  S.  lakus 


USE  OF  THE  CENTRIFUGE 


Centrifugation  is  used  in  the  separation  of  a  solid 
materia]  trom  a  liquid.  It  is  also  used  in  recover¬ 
ing  solid  materials  from  suspensions,  as  in  the 
microscopic  examination  of  urine.  The  solid 
material  or  sediment  packed  at  the  bottom  of 
the  centnfuge  tube  is  sometimes  called  the  pre¬ 
cipitate,  and  the  liquid  or  top  portion  is  caiied 
the  supernatant.  Another  important  use  for  the 
centrifuge  is  in  the  separation  of  serum  or  plasma 


trom  cells  in  blood  specimens.  The  suspended 
particles,  solid  material,  or  blood  ceils  usually 
collect  at  the  bottom  of  the  centrifuge  tube 
because  the  particles  are  heavier  than  the  liquid. 
Occasionally  the  particles  are  lighter  than  the 
liquid  and  will  collect  on  die  surface  of  the 
liquid  when  centrifuged.  Centrifugation  is  em¬ 
ployed  in  every  deparrnent  of  the  clinical  labora¬ 
tory,  in  chemistry,  unnaiysis.  hematology,  and 
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blood  banking,  among  others.  Proper  use  of  the 
centrifuge  is  important  for  anyone  engaged  in 
laboratory  work. 

Centrifuges  facilitate  the  separation  of  particles 
in  suspension  by  the  application  of  centrifugal 
force.  Several  types  of  centrifuges  wUl  usually  be 
found  in  the  same  laboratory,  each  designed  for 
special  uses.  There  are  table-model  and  floor- 
model  centrifuges,  some  small  and  others  very 
large;  tiiere  are  even  refrigerated  centrifuges  for 
special  procedures. 

Directions  for  use  of  a  centrifuge  are  most 
frequently  siven  in  terms  of  speed,  or  revolutions 
per  minute  (r/min).  A  rheostat  is  used  to  set  the 
desired  speed;  the  setting  on  the  rheostat  dial 
does  not  necessanly  correspond  directly  to  revo¬ 
lutions  per  minute.  The  setting  speeds  on  the 
rheostat  can  also  chajige  with  variations  in  weight 
load  and  general  aging  of  the  centrifuge. 

The  top  speed  of  most  conventional  centrifuges 
is  about  3000  r/min.  The  microhematocrit  centri- 
fuee  used  in  many  hematology  laboratories  for 
packing  red  blood  ceils  attains  a  speed  of  about 
10  000  r/min. 

Two  types  of  centrifuges  are  used  in  doing 
routine  laboratory  determinations.  One  is  a  con¬ 
ventional  horizontal  centrifuge  and  the  other  is 
an  angle  head  centnfuge.  For  the  horizon tal-type 
centniuze,  the  cups  holding  the  tubes  ot  material 
to  be  centrifuged  occupy  a  vertical  position  when 
the  centrifuge  is  at  rest,  but  assume  a  horizontal 
position  when  the  centrifuge  revolves.  For  the 
angle  head  centrifuge,  the  cups  are  held  in  a  rigid 
position  at  a  fixed  angle.  This  position  makes 
the  process  of  centrifugmg  more  rapid  than  it 
is  with  the  horizontal  centrifuge.  There  is  also 
less  chance  that  the  sediment  will  be  disturbed 
when  the  centrifuge  stops.  Both  types  ot  cen- 
tnfuzes  may  be  purcnased  as  table  or  floor 
models. 

The  most  important  rule  to  remember  in  usmg 
any  centnfuge  is:  always  balance  the  tubes 
placed  in  the  centrifuge.  Tliat  is,  in  the  centri¬ 
fuge  cup  opposite  the  matenal  to  be  centnfugcd. 


place  a  container  of  equivalent  size  and  shape 
with  an  equal  volume  of  liquid  of  the  same 
specific  gravity  as  the  load.  For  most  laboratory 
determinations,  water  may  be  placed  in  die 
balance  load. 

Special  centrifuge  tubes  should  be  used.  These 
are  tubes  constructed  to  withstand  the  force 
exerted  by  the  centrifuge.  They  have  thicker 
glass  wails  or  are  made  ot  a  stronger,  more 
resistant  glass.  Some  of  these  tubes  are  conical, 
and  some  have  round  bottoms.  Some  are  dispos¬ 
able  and  others  must  be  washed. 

Before  placing  the  centrifuge  tubes  in  the  cups 
or  holders,  check  the  cups  to  make  certam  that 
the  rubber  cushions  are  in  place.  If  some 
cushions  are  missing,  the  centnfuge  will  not  be 
properly  balanced.  Without  the  cushions,  the 
tubes  are  more  likely  to  break. 

Whenever  a  tube  breaks  m  the  centrifuge  cup, 
it  is  most  Important  that  both  the  cup  and  the 
nibber  cushion  in  the  cup  be  cleaned  well  to 
prevent  further  breakage  by  glass  particles  left 
behind. 

Covers  specially  made  for  the  centrifuge  should 
be  used  except  in  certain  specified  instances. 
Using  the  cover  prevents  possible  danger  from 
flying  glass  should  tubes  break  in  the  centrifuge. 
Keep  the  centrifuge  cover  closed  at  ail  times, 
even  when  not  usmg  the  machine.  In  addition  to 
the  dancer  from  broken  glass,  using  the  centn- 
fuce  without  the  cover  in  place  may  cause  the 
revolving  parts  of  the  centnfuge  to  vibrate,  which 
causes  excessive  wear  oi  the  machine. 

Do  not  try  to  stop  the  centnfuge  with  your 
hands.  It  is  generally  best  to  let  tiie  machine  stop 
by  itself.  A  brake  may  be  applied  if  die  centn- 
fuee  is  equipped  widi  one.  The  brake  should  be 
used  witii  caution,  as  brakmg  may  cause  some 
resuspension  ot  the  sediment.  Many  laboratories 
discourace  use  of  the  brake  except  where  it  is 
evident  that  a  tube  or  tubes  have  broken  in  the 
centnfuge. 

Centnfuges  siiouid  be  checked,  cleaned,  and 
lubncated  regularly  to  ensure  proper  operation. 
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Centrifuges  Centrifuges  are  motorized  devices  that  rotate  at  a  high  speed  (Figures  23.3  and 

23.4).  The  speed  is  stated  as  revoiuiions  per  minute  (rpmh  Centrifuges  are  used  to  separate 
components  of  varying  densities  contained  in  liquids  by  spinning  them  at  high  speeds. 
Through  centrifugal  (moving  away  from  a  center)  force,  heavier  or  solid  components 
move  to  the  lower  part  of  the  container,  and  the  lighter  substances  move  to  the  upper  pan 
of  the  container.  By  this  process  the  two  substances,  solid  material  and  fluid  supernatant, 
are  separated. 

Centnfuges  are  used  in  every  depanment  of  a  clinical  laboratory.  In  a  physician’s 
office  or  health  care  agency,  centnfuges  will  be  used  if  a  microscopic  analysis  of  urine  is 
performed  and  also  when  serum  is  required  for  hematology  or  blood  chemistry  laboratoiy 
tests. 

There  are  numerous  types  or  centnfuges  available.  Each  must  be  selected  accord¬ 
ing  to  the  intended  use.  Centnfuges  commonly  used  in  a  physician’s  office  or  clinic  arc 
table  models.  One  type  is  used  for  routine  blood  and  urine  separations  (Figure  23.3),  and 


Figure  23.3 

Centrifuge  used  for  blood  and 
unne  separations. 
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another  type  is  used  for  microhcmatocrit  applications  (Figure  23.4).  The  speed  at  which 
these  centrifuges  operate  vanes  from  3.200  rpm  for  the  routine  blood  and  unne  separations 
to  11,500  to  15,000  rpm  for  the  microhematocnt  centrifuges.  Special  centrifuge  tubes 
should  be  used  in  the  centnfuges  for  serum  or  urine  separations.  These  tubes  are  either 
conical  or  round-bottomed  in  shape  and  made  of  a  special  quality  glass.  Some  Vacutainer 
tubes  used  for  blood  collection  may  also  be  put  into  the  ceninfuge.  Capillary  tubes  arc  to 
be  used  in  the  microhematocrit  centrifuges.  It  is  important  that  you  always  use  tubes  that 
are  the  correct  size  and  strength  for  the  required  application. 

in  the  centrifuge  there  are  special  centrifuge  cups  w  ith  rubber  cushions  that  are 
used  to  hold  the  tubes  containing  the  blood  or  unne  samples.  Be  certain  that  the  cushions 
are  at  the  bottom  of  the  holders  before  you  place  the  tubes  into  them. 


Hcure  23.4 

\  jnd  B,  Centrifuges  used  for 
t’icrohematoent  applications, 
r.  View  inside  TRIAC  centrr- 
:;;c.  Capillary  tubes  will  be 
rtaecd  inside  numbered  col- 
.;nns. 
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PLACEMENT  OF  TUBES  IN  When  you  place  a  tube  containing  a  specimen  into  the  centrifuge  you  must  coun- 

THE  CENTRIFUGE  terbalance  it  with  a  tube  of  similar  design  and  weight.  This  other  tube  must  be  placed 

directly  opposite  the  tube  containing  the  specimen  and  should  contain  a  liquid  of  equal 
weight.  Water  can  usually  be  used  for  this  purpose.  If  you  do  not  balance  the  load  in  a 
centrifuge,  severe  vibration  of  the  centrifuge  may  occur  and  you  may  possibly  lose  the 
specimens.  Do  no<  ase  tubes  that  are  cracked  or  badly  scratched,  because  they  may  break 
under  the  stress  of  the  centnfugal  force.  If  breakage  does  occur,  immediately  turn  the 
centnfuge  off.  Don  rubber  gloves  and  clean  the  centrifuge  cushion  and  cup.  You  must 
clean  these  areas  before  using  the  centrifuge  again  to  avoid  additional  breakage  of 
tubes. 


OPERATING  THE  When  you  operate  the  centnfuge  you  must  close  the  cover.  (Many  newer  models 

CE.NTRIFUGE  will  not  work  if  you  do  not  close  the  cover. )  If  you  are  using  an  older  model  centrifuge,  do 

not  open  the  cover  until  the  rotor  has  completely  stopped.  Do  not  brake  sharply  when  using 
centnfuses  that  operate  with  hand  brakes.  Always  use  tubes  that  are  the  correct  size  and 
strength  for  the  required  application.  Electneal  appliances  such  as  the  centrifuge  should 
have  three-pronged  grounding  plugs,  and  there  should  be  sufficient  grounded  outlets  avail¬ 
able.  Frequent  lubncation,  calibration,  and  cleaning  are  required  for  the  proper  operation 
of  all  centnfuges.  Specific  instructions  for  operating  each  centnfuge  are  provided  by  ' 
manufacturer.  Read  these  instructions  completely  and  carefully  before  you  operate  ai.. 
centrifuge. 
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1  The  separation  of  a  solid  material  from  a  liquid,  the  recovering  of  solid 
materials  form  suspensions,  and  the  separation  of  serum  or  plasma  from 
cells  in  blood  specimens  is 


A.  extraction. 

B.  diffusion. 

C.  centrifugation. 

D.  pipetting. 


2 , 


Although  the  setting  on  the  dial  does  not  necessarily  correspond  directly 
to  R/min.  ,  the  _  is  used  to  set  the  desired  speed. 


A.  dial 

B.  push-button 

C.  knob 

D.  rheostat 

3  In  the  centrifuge,  the  cups  are  held  in  a 

rigid  posrtTon"aFTTixeT'angTe’liaKng  the  process  of  centrifuging  more 
rapid. 

A.  horizontal 

B.  angle  head 

C.  vertical 

D.  conventional 

4.  .An  important  rule  to  remember  in  using  a  centrifuge  is  always  - 

the  tubes  placed  in  a  centrifuge. 


A.  even  off 

B.  weigh 

C.  balance 

D.  look  at 


For  most  laboratory  determinations,  _ _ 

same  specific  gravity,  may  be  used  to  balance  a  load 


having  the 


6 . 


A.  blood 

B .  urine 

C.  liquid 

D.  water 

In  addition  to  the  danger  of  broken  glass,  using  the  centrifuge  without  the 

in  place  may  cause  revolving  parts  of  the  centrituge 

to  vibrate ,  causing  excessive  wear  of  the  machine. 
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13.  If  breakage  of  tubes  does  occur,  _ _  turn  off  the  centrifuge 

and  don  rubber  gloves  to  clean  the  centrifuge  cushion  and  cup. 

A.  eventually 

B.  immediately 

C.  gradually 

D.  hurriedly 

14.  If  braking  is  necessary,  brake 


15. 


A.  gently. 

B.  immediately. 

C.  sharply. 

D.  timely. 


Electrical  appliances  such  as  a  centrifuge 
plugs,  and  there  should  be  sufficient  _ 


should  have  three-pronged _ 

outlets  available. 


A.  electrical 

B .  grounded 

C.  indoor 

D.  wall 
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Operate  centrifuge. 
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"Practice  Operating  a  Centrifuge" 


Directions  to  the  student: 

Given  a  centrifuge  by  the  instructor  and  referring  to  the  manufacturer's 
directions  ahead  of  time,  practice  operating  the  centrifuge. 


Necessary  tool  and  equipment: 
Centrifuge 

Test  tubes  or  capillary  tubes 
Blood  or  urine  samples 


Procedure : 

1.  Place  tubes  in  proper  position  to  balance.  Tubes  must  have  equal 
amounts  of  specimen. 

2.  Place  cover  on  tightly. 

3.  Turn  to  proper  R/min. 

4.  Set  time. 

5.  Allow  centrifuge  to  stop  completely. 

6.  Remove  centrifuged  samples. 
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PERFORMANCE/PRODUCT  CHECKLIST 


Program:  medical  assisting 


Task  No:  oo4 


Student’s  Name:  _ _ _ — - —  Date  Of  Attempt: 

Evaluator’s  Name:  - - - - Evaluation  Site:  _ 

Performance  Attempt:  12  3  4 


I 


Terminal  Performance  Objective: 

Given  a  centrifuge  and  necessary  tools,  you  will  operate  a  centrifuge. 


Directions  To  The  Student: 

Before  attempting  this  task  for  mastery,  carefully  review  this  checklist.  You  will  be  eval¬ 
uated  on  the  basis  of  this  checklist.  When  you  feel  you  are  ready  for  evaluation,  contact  your 

instructor.  You  must  complete  your  performance  within - iQ - minutes  and  must 

score  at  least  5 _ out  of _ ^ _ points  or  — 21] - _%  for  mastery.  Critical 

items  are  marked  with  an  asterisk  (*).  These  items  must  be  satisfactorily  completed. 


Directions  To  The  Evaluator: 


The  student  will  contact  you  when  ready  for  the  evaluation.  The  student  must  complete 

the  performance  withinlQ _ minutes  and  must  score - 5 - outof_6 - 

points  or 
completed. 


90 


O/n 


and  all  items  marked  with  an  asterisk  (*)  must  be  satisfactory^ 
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ITLMS  TO  BE  OBSERVED  OR  CHECKED 


I#. 


1.  Balance  tubes  in  centrifuge. 

2.  Place  cover  of  centrifuge  tightly. 

3.  Turn  to  proper  R/min. 

4.  Set  timer. 

5.  Allow  centrifuge  to  stop  completely. 

6.  Remove  cnetrifuged  samples. 


TOTAL  POINTS  EARNED 


POINTS  NEEDED  FOR  MASTERY  *  5 

TOTAL  POINTS  POSSIBLE  =  6 
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IH  RLCTIONS; 

mi-;  PURPOSE  01-  this  i;xam  is  to  nTTTRMixi;  i\iii-;tiit.r  or  not  you  havp; 

UNDliRSTOOn  I'llT  I NF'OlWAT ION  ON  operating  centrifuge. 


P.ach  of  tlic  questions  or  incomplete  statements  below  is  followed  by 
several  words,  phrases,  or  a  series  of  numbers.  Choose  the  one  which 
best  answers  the  question  or  completes  the  statement  correctly.  Place 
the  letter  associated  with  that  choice  (A,B,C  or  D)  in  the  numbered 
blank  space  on  your  ANSWER  SHEET.  DO  NOT  WRITE  ON  THIS  TEST! 11  To 
master  this  e.xam  you  must  answer  14  out  of  15 

items  correctly,  90  T. 
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TASK:  Measure  and  Calculate  Dosage 


PURPOSE:  As  a  Medical  Assistant  you  will  need  to  know  about  the  three 

systems  of  measurements  used  in  measuring  doses  of  medication.  You 
will  need  to  know  how  to  solve  simple  dosage  problems  and  how  to 
convert  dosages  from  one  system  measurements  to  another.  This  learning 
guide  will  assist  you  to  measure  and  calculate  dosage. 
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LEARNING  CONTRACT  (optional) 


2.  TERMINAL  PERFORMANCE  OBJECTIVE 
Given:  the  necessary  tools  and  equipment 
You  Measure  and  calculate  dosage 

How  well:  To  master  this  task  you  must  score  4  out  of  5  (90?O  on  a 

performance  evaluation  and  9  out  of  10  ( 90?O  on  a  written  exam. 


2a.  INTERMEDIATE  OBJECTlVE(s)  j 

1.  Describe  measurement  and  dosage  calculation. 

j 

2.  Measure  and  calculate  dosage.  1 

1 


▼ 
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Vocabulary 

apothecary:  old  word  for  pharmacist 
Arabic  numerals;  1,  2,  3.  4,  and  so  on 
calculation:  figuring  out  a  mathematical 
problem 

centimeter:  one-hundredth  of  a  meter 
conversion:  changing  from  one  unit  of 
measurement  to  another 
dosage  range:  set  of  quantities  of  a  drug 
that  are  strong  enough  to  produce 
therapeutic  effects,  but  not  so  strong 
as  to  be  toxic  to  tne  body 
dram:  GO  grains  (1  fiuidram  =  60  minims) 
equivalents:  things  that  are  equal  in 
amount  or  value 

formula:  a  mathematical  rule  for  doing  a 
certain  kind  of  math  problem 
fraction:  a  mathenialical  way  of  talking 
atiout  an  amount  that  is  part  of  a 
whole  or  a  ratio  between  two  num¬ 
bers 

grain:  basic  unit  of  weight  in  the  apothe¬ 
caries'  system 

gram:  basic  unit  of  weight  in  the  metric 
system 

kilogram:  one  thousand  grams 
liter;  basic  unit  ol  volume  in  the  metric 
system 

metric:  system  of  measurement  based  on 
the  meter  in  wiiich  all  units  are  multi¬ 
ples  of  ten 

microgram:  one-millionth  of  a  gram 
milligram:  one-thousandth  of  a  gram 
milliliter:  one-thousandth  of  a  liter  (same 
as  cuoic  centimeter) 
minim:  basic  unit  of  volume  in  the 
apotnecanes’  svstem 


Roman  numerals:  I.  II.  Ill,  IV,  V,  and  so 
forth 

unit:  (1)  basic  quantity  in  a  measurement 
system;  (2)  a  way  of  telling  the 
strength  of  hard-to-measure  drugs 
such  as  antibiotics  {e.g..  100.000  units 
of  penicillin) 

volume:  amount  of  space  taken  up  by  a 
substance 

Systems  of  i 
measurement 

Measurement  lias  always  been  an  impor¬ 
tant  part  of  prescribing  and  administer¬ 
ing  medications.  This  is  so  because  dif¬ 
ferent  amounts  of  a  drug  give  different 
effects.  Some  drugs  are  deadly  poisons, 
but  when  given  in  tiny  amounts  can  help 
relieve  disorders.  Other  drugs  are  useless 
for  therapy  unless  given  in  large 
amounts. 

Most  drugs  have  a  certain  dosage 
range,  that  is.  a  range  of  quantities  that 
can  produce  therapeutic  effects  (Figure 
4-1).  Doctors  prescribe  an  amount  within 
the  dosage  range  depending  on  how 
strong  an  elTect  is  needed  and  on  the  pa¬ 
tient’s  age  and  physical  condition.  Doses 
less  than  the  dosage  range  do  not  pro¬ 
duce  any  therapeutic  effects.  Doses  more 
than  the  dosage  range  are  harmful  to  the 
body  and  can  be  fatal. 

To  get  the  drug  effects  they  want, 
physicians  and  pharmacists  through  the 
ages  have  tried  to  make  dosages  very 
exact  by  measuring  drugs  carefully. 
However,  tiiey  have  .cot  ail  used  the 
same  units  of  measure.ment.  There  are 
different  measureme.ci  systems,  each 
having  their  own  units  of  weignt  and  vol¬ 
ume. 
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Mill 


< 


Too  little 


Possible  doses 


Too  much 


No  effect 


Therapeutic  effects 
(ranging  from  weak 
to  strong) 


Overdose,  toxicity,  death 


V 


Fig.  4-1  The  physician  chooses  a  cer¬ 
tain  dose  within  the  dosage  range 
according  to  the  needs  of  the  individual 
patient. 


Today,  three  different  systems  of 
measurement  are  commonly  used  in  the 
medical  field.  You  should  be  familiar 
with  the  units  of  weight  and  volume 
found  in  each  system.  Dosages  on  a  med¬ 
ication  order  may  be  expressed  in  any¬ 
thing  from  milliliters  or  cubic  centimeters 
to  drops,  teaspoons,  drams,  or  minims. 
You  need  to  know  wnat  each  of  these 
quantities  moans  so  that  you  can  mea¬ 
sure  out  the  do.scs  properiy.  In  addition. 


you  may  be  asked  to  convert  (chanoe) 
from  one  unit  or  system  to  another  m  the 
course  of  your  daily  routine.  You  need  to 
know  how  to  use  conversion  tables  to 
convert  from  milligrams  to  grams,  from 
milliliters  to  teaspoons,  from  grains  to 
milligrams,  and  so  forth. 

The  three  systems  of  measurement 
used  in  ordering  medications  are  the 
apothecaries’  sy.stem.  the  metric  system, 
and  the  iiousehold  svste.m. 
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APOTHECARIES'  SYSTEM 

The  apothecaries’  system  of  measure¬ 
ment  is  very  old.  It  was  brought  to  the 
United  States  from  England  during  the 
eighteenth  century.  Colonial  pharmacists 
(apothecaries)  used  it  when  compound¬ 
ing  and  measuring  their  medicinal  prepa¬ 
rations.  The  system  is  gradually  being 
phased  out  in  favor  of  the  easier-to-use 
metric  system,  but  many  older  physi¬ 
cians  and  patients  prefer  the  apothecar¬ 
ies’  system  because  it  is  more  familiar  to 
them. 

The  basic  unit  of  weight  in  the  apothe¬ 
caries’  system  is  the  grain  (gr).  It  was 
originally  supposed  to  be  the  weight  of 
one  grain  of  wheat.  The  basic  unit  of  vol¬ 
ume  is  the  minim  (m).  The  term  “volume” 
means  the  amount  of  space  that  some¬ 
thing  takes  up.  A  minim  is  the  space 
taken  up  by  a  quantity  of  water  that 
weighs  the  same  as  a  grain  of  wheat. 

Table  4-1  lists  all  the  units  of  weight 
and  volume  in  the  apothecaries’  system. 

Note  especially  the  abbreviations  for 
these  units.  You  need  to  be  able  to  recog¬ 
nize  them  on  a  medication  order  and 
write  them  on  a  medication  chart. 

In  the  apothecaries'  system,  dosage 
quantities  are  written  out  in  lowercase 
Roman  numerals  (see  Table  4-2).  The 
roman  numerals  are  written  after  the 
unit  of  measurement.  e.g..'^n  meaning  2 
drams. 

If  the  quantity  of  units  is  higher  than 
15.  Arabic  numerals  can  be  used  (15.  16, 

17.  etc.:.  .Yrenic  numerals  are  usually 
wriitcn  oe’cre  tne  unit  of  measurement. 


ed) 


Table  4-1  The  apothecaries' 
system 


WEIGHT  (DRY)  VOLUME  (LIQUID) 


grain  (gr) 

minim  (m,  rry) 

dram  (dr  or  }) 

fluidram  (fl  dr,  J:,  or  f^) 

ounce  (oz  or  | ) 

fluidounce  (fl  oz,|.,  or  f|) 

pound 

pint  (pt| 

ton 

quart  (qt) 

EQUIVALENTS 

A  minim  of  liquid  weighs  1  grain 

60  grains  or  60  minims  =  1  dram  or  fluidram 

8  drams  or  fluidrams  =  1  ounce  or  fluidounce 


Table  4-2 
numerals 

Lower-case 

Roman 

1  i 

6  vi 

1 1 

xi 

2  ii 

7  vii 

12 

xii 

3  iii 

8  viii 

13 

xiii 

4  iv 

9  ix 

14 

xiv 

5  V 

10  X 

15 

XV 

fss  =  ’A) 
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for  example,  25  gr.  although  many  people 
prefer  to  write  them  after  the  unit,  to 
avoid  confusing  grains  with  grams  in  the 
metric  system.  Quantities  less  than  one 
[Vz,  Va]  and  mixed  fractions  [ZVa,  V/z]  are 
also  usually  written  with  Arabic  numer¬ 
als  before  the  unit.  The  only  exception  is 
the  Quantity  one-half,  for  which  the  sym¬ 
bol  ^  is  used  with  roman  numerals  after 
the  unit. 

Here  are  some  examples: 

/ 

f|.  vTT  =  7  fluid  ounces 

5-  IV  =  4  drams 

gr  =  IV2  grains 

SVi  dr  =  SVi  drams 

Ytjy  gr  (also  gr  =  njy  grain 

15  gr  (also  gr  15)  =  15  grains 

30  m  =  30  minims 

METRIC  SYSTEM 

The  metric  system  is  used  throughout  the 
world  and  is  gradually  becoming  ac¬ 
cepted  in  the  United  States,  especially  in 
the  field  of  medicine.  It  is  a  simple,  logi¬ 
cal  system  of  measurement  based  on 
units  of  ten. 


A  unit  of  length,  the  meter,  is  the  foun¬ 
dation  of  the  metric  system.  It  is  actually 
one  10-millionth  of  the  distance  between 
the  North  Pole  and  the  Equator.  Metric 
volume  is  measured  in  fractions  of  a  liter 
(L).  Weight  is  measured  in  grams  (g). 

Prefixes  added  to  the  words  "meter.” 
"gram,"  and  "liter"  indicate  smaller  or 
larger  units  in  the  system  (see  Table  4-3). 
All  units  are  a  result  of  either  multiplying 
or  dividing  by  10.  100.  or  1000.  The  centi¬ 
meter,  for  example,  is  Vioo  of  a  meter.  A 
millimeter  is  %ooo  of  a  meter.  A  kilometer 
is  1000  meters. 

In  the  metric  system,  units  of  length, 
weight,  and  volume  are  related  to  each 
other  in  systematic  ways.  The  unit  of  vol¬ 
ume  most  often  used  in  preparing  medi¬ 
cations  is  the  milliliter  (ml),  which  is  one- 
thousandth  of  a  liter.  One  milliliter  is  the 
liquid  contents  of  a  cube  measuring  1 
centimeter  (cm)  on  a  side,  or  1  cubic  cen¬ 
timeter  (cc).  One  liter  is  the  liquid  con¬ 
tents  of  a  cube  measuring  10  cm  on  a  side, 
or  1000  cc.  One  gram  is  equal  to  the 
weight  of  1  mi  (or  cc)  of  water.  One  liter 
contains  1000  mi  of  water,  and  so  it 
weighs  1000  g  (1  kilogram).  These  rela¬ 
tionships  are  shown  in  Figure  4-2. 

Metric  doses  are  always  written  out 
in  Arabic  numerals.  Fractions  of  metric 
doses  are  written  as  decimal  fractions. 
For  example,  one-half  gram  is  0.5  g.  In 
reading  medication  orders,  pay  special 
attention  to  wnere  the  decimal  point  is 
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Table  4-3  Prefixes  in  the  metric 
system 


GREEK  (MULTIPLY) LATIN  (DIVIDE) 


deca  — >  X 

10 

deci  —  -r 

10 

)iecto~»  X 

100 

centi— 

100 

kilo  X 

1000 

milli  — -  -i- 

1000 

micro— 

1,000,000 

10  cm 


1000  cc  =  1  L  =  1  kg 


1  cm{[^1  cc  =  1  ml  =  1  g 


length,  volume,  ana  weiqnt  in 
system. 

the  metric 
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placed.  The  differences  between  0.05  g. 
0.5  g.  and  5.0  g  are  huge  when  it  comes  to 
doses  of  medicine.  A  mistake  could  be 
dangerous. 

Table  4-4  lists  the  basic  units  of  vol¬ 
ume  and  weight  in  the  metric  system  and 
their  equivalents.  The  bottom  of  the  table 
shows  how  to  change  from  milligrams  to 
grams  and  vice  versa.  Note  especially  the 
instructions,  because  these  are  simple 
conversions  you  will  probably  make 
often  on  the  job.  The  conversions  are 
easy  if  you  remember  the  hints  shown  in 
Table  4-4. 

HOUSEHOLD  SYSTEM 

The  household  system  of  measurement  is 
actually  more  complicated  than  the  met¬ 
ric  and  apothecaries’  systems.  However, 
most  of  us  have  grown  up  using  its  basic 
units — feet,  inches,  miles,  pints,  quarts, 
pounds,  and  so  on — so  the  household 
system  is  quite  familiar  to  us. 

For  medical  purposes,  household 
measures  are  not  as  accurate  as  apothe¬ 
caries'  or  metric  measures.  So  why  use 
them  at  all?  The  reason  is  that  medicine 
orders  sometimes  nave  to  be  translated 

into  terms  that  patients  can  understand 
and  use  on  their  own.  Particularly  in 
home  care,  patients  need  to  be  able  to 
taKe  medicines  in  doses  that  can  be  mea¬ 
sured  with  utensils  they  have  on  hand 
(teaspoons,  tablespoons,  medicine  drop¬ 
pers.  etc.). 

The  basic  units  of  the  household  sys¬ 
tem  are  listco  in  Tauie  4-5.  .Ml  household 


Table  4-4  The  metric  system 

WEIGHT  VOLUME 

microgram  (ng.  meg)  milliliter  (ml) 

milligram  (mg.  Mgm)  cubic  centimeter  (cc,  cm^ 

gram  (g,  Gm)  kilogram  (kg) 

liter  (L,  Z) 

EQUIVALENTS 

One  milliliter  is  the  same  as  1  cubic  centimeter,  and  both  weigh  1  gram 

1000  milliliters  =  1  liter  =  1000  cubic  centimeters 

1000  micrograms  =  1  milligram 

1000  milligrams  =  1  ^ram 

1000  grams  =  1  kilogram 

100  milligrams  =  0.1  gram 

10  milligrams  =  0.01  gram,  etc. 

SIMPLE 

CONVERSIONS 

From  grams  to  milligrams: 
g  X  1000  =  mg 

Hint:  Move  decimal  point  three  places  to  the  right 

0.25  g  =  250img 

From  milligrams  to  grams: 
mg  —  1000  g 

Hint:  Move  decimal  point  throe  places  to  the  left 
500  mg  =  500  g  =  0.5  g 
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dosages  are  written  out  in  Arabic  numer¬ 
als. 

DRUGS  THAT  ARE  HARD  TO 
MEASURE 

Certain  antibiotics  and  hormones  from 
animal  sources  are  impossible  to  weigh 
and  measure  in  ordinary  ways.  Their 
strength  is  judged  by  the  quantity  shown 
to  cause  certain  effects  in  laboratory  ani¬ 
mals  and  human  volunteers— the  bioas¬ 
say  technique  you  studied  in  Unit  1. 
Rather  than  being  dispensed  in  grams  or 
grains,  these  drugs  are  dispensed  in  solu- 


Tablo  4-5 

The  household  system 

WEIGHT  (DHY) 

VOLUME  (LIQUID) 

ounce  (oz) 

drop  (gt);  drops  (gtt) 

pound  (lb) 

teaspoon  (t,  tsp) 

ton 

tablespoon  (T,  tbsp) 

teacup  (6  oz) 

cup  (c)  or  glass  (8  oz) 

pint  (pt) 

quart  (qt) 

gallon  (gal) 

EQUIVALENTS 
16  ounces  =  1  pound 

3  teaspoons  =  1  tablespoon  =  %  ounce 
16  tablespoons  =  1  cup  =  8  fluid  ounces 
2  cups  =  1  pint 

2  pints  =  1  quart 

4  quans  =  1  gallon 


tions  labeled  with  a  certain  number  of 
units  (U)  per  cubic  centimeter  or  milli¬ 
liter.  Examples  of  these  drugs  are  penicil¬ 
lin  and  insulin. 
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Converting  between 
measurement  systems 


From  time  to  time  you  will  find  it  neces¬ 
sary  to  change,  or  convert,  from  one  sys¬ 
tem  of  measurement  to  another.  A  physi¬ 
cian  will  order  medicine  in  grains,  but  the 
hospital  pharmacy  may  send  up  the  med¬ 
ication  in  grams.  Or  perhaps  an  order 
written  for  milliliters  will  have  to  be  con¬ 
verted  into  teaspoons  for  a  patient  who 
will  be  taking  the  medicine  at  home. 
These  types  of  conversions  are  usually 
performed  by  the  pharmacist  or  the  nurse 
in  charge.  But  other  health  workers 
should  also  know  how  to  make  simple 
conversions  by  referring  to  a  conversion 
table.  Table  4-6  shows  the  equivalents 
between  measures  in  the  apothecaries', 
metric,  and  household  systems.  As  you 
can  see.  the  equivalents  are  not  e.xact. 
but  approximate.  .A  lOTo  error  usually  oc¬ 
curs  in  making  conversions. 

You  can  make  most  of  the  conver¬ 
sions  you  need  if  you  know  these  four 
basic  equivalents: 

0.1  mg  =  5^  gr 
1  mg  =  ^  gr 
60  mg  =  1  gr 
1  g  =  15  gr 


Table  4-6  Commonly  used  measurement  system 
equivalents* 


APOTHECARIES' 

METRIC 

HOUSEHOLD 

Liquid  volume 

1  minim  (rry| 

0.06  ml 

1  drop 

or  m) 

(or  cc) 

1  5  mintms 

1  ml 

1 5  drops  (gitir* 

1  fluidram  {(}) 

4-5  ml 

1  teaspoon  (30  ott) 

4  fluidrams 

1  5  ml 

1  tablespoon 

1  fluidounce  (f|.) 

30  ml 

2  tablespoons  ( 1  oz} 

1  80  ml 

1  teacup  (6  C2i 

240  ml 

1  cup  or  glass  l8  oz) 

500  ml 

1  pint  ( 1  6  OZ) 

750  ml 

1.5  pints  (24  OZ) 

1000  ml  (1  L) 

1  quart  (32  oz) 

Dry  weight 

ro  gr 

1  mg 

1  gr 

60  mg 

7 'A  gr 

500  mg  (0.5  g) 

15  gr 

1 000  mg  ( 1  g) 

60  gr  ( 1  dram) 

g 

1  02 

30  g 

1  oz 

500  g 

1.1  lb 

1  000  g  ( 1  i  g) 

2.2  lb 

^Eauivaienrs  are  aoprcximme 

^  This  figure  vanes.  The  numoer  of  croos  oer  miilihter  aepends  on  (he  suo- 
stance  Pemg  measured. 
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If  you  can  remember  these,  it  is  easy 
to  work  out  other  equivalents.  Table  4-7 
shows  how  this  can  be  done.  Study  the 
table  carefully,  and  note  the  simple  for¬ 
mulas  for  converting  between  systems. 
You  may  use  this  table  to  make  conver¬ 
sions  needed  in  the  dosage  calculation 
exercises  at  the  end  of  this  unit.  How¬ 
ever,  if  you  memorize  the  four  basic 
equivalents  shown  above,  you  may  be 
able  to  make  the  conversions  in  your 


head.  For  example,  if  you  know  that  1  gr 
is  equivalent  to  about  60  mg.  then  logi¬ 
cally  5  gr  is  about  300  mg  and  Vi  gr  is 
about  15  mg. 

A  close  look  at  Figure  4-3  should  also 
be  helpful.  It  shows  the  relative  sizes  of 
containers  you  might  use  to  measure  out 
doses  in  the  various  systems. 


Table  4-7  Simple  conversions  between  the  metric  and 
apothecaries'  systems 


MILLIGRAMS  ^^GRAINS  GRAMS  —  GFIAINS 


0.1 

mg 

= 

5^0  Qr 

1 

g  =  15  gr 

0.2 

mg 

= 

gr 

= 

153  gr 

0.1 

g  =  gr  =  gr 

0.3 

mg 

= 

gr 

= 

gr 

0.25 

g  =  ■¥  gr  =  3i  gr 

0.4 

mg 

= 

gr 

= 

T?3  gr 

0.5 

g  =  -^  gr  =  7i  gr 

0.5 

mg 

= 

sto  gr 

= 

ih  gr 

g  =  -  gr  =  1  U  gr 

4 

0.6 

mg 

= 

gr 

= 

Ti3  gr 

0.75 

2 

g  =  30  gr 

1 

1 

gr 

5 

g  =  75  gr 

mg 

60 

2 

mg 

= 

gr 

= 

1 

gr 

Hint: 

3 

mg 

= 

gr 

z= 

gr 

gr  X 

60  =  mg 

5 

mg 

gr 

= 

ii 

gr 

mg  - 

-  60  =  gr 

10 

mg 

55 

gr 

= 

i 

gr 

g  X 

15  =  gr 

15 

mg 

= 

gr 

= 

i 

gr 

gr  ^ 

15  =  g 

20 

mg 

_ 

gr 

i 

gr 

30 

mg 

= 

gc 

= 

i 

gr 

60 

mg 

— 

1 

gr 

120 

mg 

= 

2 

gr 

180 

mg 

= 

3 

gr 

240 

mg 

= 

4 

nr 

300 

mg 

= 

5 

gr 

600 

mg 

10 

gr 
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Dosage  calculation 

The  job  of  calculating  dosages  is  much 
easier  today  than  in  the  past.  Now  in 
some  health  facilities  pharmacists  do  all 
of  the  calculating.  They  prepare  drugs  in 
unit  packages  that  contain  the  cor.’*9Ct 
amount  of  a  drug  for  a  single  dose.  In 
your  facility,  however,  you  may  have  to 
make  simple  dosage  calculations  as  part 
of  your  daily  routine.  You  will  need  to 
know  how  to  do  this  correctly  and  confi¬ 
dently.  In  medication  administration 
there  is  no  room  for  error! 

In  this  section,  you  will  learn  two  sim¬ 
ple  procedures  that  can  be  used  to  calcu¬ 
late  almost  any  type  of  dosage  problem. 
The  only  math  you  need  to  know  is  how 
to  multiply  and  divide  using  whole  num¬ 
bers  and  fractions.  Use  paper  and  nencil 
to  do  your  calculations,  and  check  them 
over  carefully  for  errors.  Some  of  the  cal¬ 
culations  are  easy  to  do  in  your  head.  But 
practice  with  paper  and  pencil  until  you 
have  mastered  the  techniques  presented. 

A  brief  review  of  fractions  is  provided 
in  this  unit  beginning  on  page  77.  To  re¬ 
fresh  your  memory,  turn  to  that  review 
now,  before  reading  the  next  section.  If 
your  arithmetic  skills  are  weak,  you  will 
need  some  extra  practice.  There  are 
many  books  available  in  the  library  or 
bookstore  to  heip  you  brush  up  on  your 
basic  skiils.  Some  of  fhese  are  listed 
among  the  references  at  the  back  of  this 
book. 


CALCULATING  NUMBER  OF 
TABLETS  OR  CAPSULES 

A  type  of  calculation  you  will  probably 
nin  into  often  is  the  following: 
PROBLEM  1  The  doctor  orders  200  mg 
of  a  drug  to  be  given  3  times  a  day.  The 
pharmacy  sends  up  a  bottle  of  50-mg  cap¬ 
sules.  You  have  to  decide  how  many  cap¬ 
sules  to  give  for  each  dose. 

A  simple  formula  can  be  used  to  help 
you  figure  this  out.  The  formula  is: 

Desired  dose  (what  Available  dose  per 
you  WANT]  ^  tablet  or  capsule 

(what  you  HAVE] 

j  =  Number  of  tablets 

or  capsules 

or 

WANT 

-  =  Number  of  tablets  or  capsules 

HAVE 

What  this  formula  does  is  heip  you  set 
up  a  fraction  that  you  can  simplify  using 
the  rules  for  fractions  (see  .Math  Review). 
Applying  the  formula  to  Problem  1,  you 
get: 

Dose  ordered  (WANT):  200  mg 
Available  packaging  (HAV'E):  50-mg  caps 

4 

WANT  200  mg  2G0-mir  .  , 

- = -  = - =  4  capsules 

HAVE  50  mg  -50-  mg 

1 


The  correct  dose,  then,  would  bo  four 
capsuie.s  3  times  a  day. 

PROBLK.M  2  Tile  doctor  orders  350  ma 
to  be  given  once  a  day.  All  you  nave  on 


T 


T 
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hand  are  lOD-mg  tablets.  How  many  tab¬ 
lets  should  you  give? 


WANT 

HAVE 


350  mg 
100  mg 


3.5 


35cr 

JiQfT  pig' 
1 


=  3V2  tablets 


Note  that  your  answer  included  a 
fraction  of  a  tablet.  You  may  administer 
a  half  or  a  quarter  of  a  tablet  if  the  tablet 
is  scored  so  that  it  breaks  easily.  If  it  is 
anything  other  than  a  scored  tablet,  ask 
the  nurse  in  charge  what  to  do.  Dividing 
an  unscored  tablet  is  risky,  and  of  course 
you  should  not  attempt  to  divide  cap¬ 
sules  or  specially  coated  tablets. 
PROBLEMS  Now  try  a  problem  involv¬ 
ing  another  unit  of  measurement.  You  are 
to  give  20  gr  of  aspirin  to  an  arthritis  pa¬ 
tient.  The  aspirin  tablets  you  have  are  5 
gr  each.  How  many  tablets  do  you  give? 


4 


WANT  ^ 
HAVE  ~ 

1 


f 

=  4  tablets 


Note  that  both  WAxNT  and  HAVE  must 
be  m  the  same  unit  of  measurement  (e.g., 
both  milligrams  or  grams,  etc.].  This  for¬ 
mula  does  not  apply  to  a  problem  like: 

100  mg 
5  gr 


PROBLEM  4  What  if  the  dosage  or¬ 
dered  is  a  fractional  dosage?  For  exam¬ 
ple,  let’s  say  the  doctor  orders  Vz  gr  and 
your  tablets  are  ’4  gr.  Setting  up  the 
WANT/HAVE  formula,  you  get: 

Vz  gr 

— --  (Remember,  this  line 

means  "divided  by") 

To  work  this  out.  use  what  you  know 
about  dividing  fractions.  You  invert  the 
bottom  fraction  and  turn  it  into  a  multi¬ 
plication  problem. 

2 

—  ~  —  —  X'^=2  tablets 

2  4^1 

1 
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PROBLEM  5  Thn  same  procedure  can 
be  applied  to  situations  where  drugs  are 
mixed  into  soiuiions.  For  example,  the 
label  on  a  bottle  of  elixir  says  it  contains 
5  gr  of  medication  per  teaspoon.  The  doc¬ 
tor  has  ordered  15  gr  of  medication. 

WANT  15  g 
-  = - 2 —  =  3  tsp 

HAVE  5gr/tsp 

PROBLEM  6  It  also  works  for  units  of 
penicillin  mixed  in  sterile  water  for  injec-  ‘ 
tion.  A  vial  states  that  it  contains  100,000 
units  of  penicillin  per  cubic  centimeter. 
You  are  to  inject  300.000  units. 


IV  bottle 


Medicine  Minim 

dropper  glass 


1  gl 

6 


Medicine  glass 


Fig.  4-3  Relative  sizes  of  measuring 
containers. 
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PROBLEM  7  The  doctor  orders  0.5  g  of 


WANT  300.000  units 
HAVE  ~  100.000  units/cc 


ampicillin  to  be  given  4  times  a  day.  You 
want  to  know  how  many  milligrams  one 
dose  would  be.  Your  problem  is: 


DOSAGE  CALCULATIONS  WITH 
CONVERSIONS 

Suppose  that  the  doctor  orders  a  dose  in 
grams,  but  your  capsules  are  labeled  in 
milligrams.  Perhaps  the  order  is  in  grains 
and  your  tablets  are  labeled  in  milli¬ 
grams.  Or  suppose  that  the  order  is  in 
milliliters  and  you  want  to  instruct  the 
patient  in  how  much  to  take  at  home 
using  a  teaspoon. 

Dosage  calculations  in  which  you 
need  to  convert  from  one  system  or  unit 
of  measurement  to  another  cannot  be 
handled  by  the  simple  WANT/HAVE 
formula.  A  more  complex  formula  is 
needed,  but  it  is  easy  to  use  and  can  be 
adapted  to  a  variety  of  situations.  The 
formula  is; 

Conversion  frac- 
Dosaqe  in  ordereu  tion  (relation  of 
unit  (KNOWN)  X  UNKNOWN  to 

KNOWN  units) 

=  Dose  in  desired 
unit  (UNKNOWN) 

or 

KNOWN  X  conversion  =  UNKNOWN 
fraction 

This  formula  is  best  explained  in  the  con¬ 
text  of  some  Sc'iinpic  prouicms. 


0.5  g  =  ?  mg  (KNOWN  unit  is  O.S  g: 

UNKNOWN  unit  is  ?  mg) 


To  solve  the  problem,  set  up  a  calcu¬ 
lation  that  will  allow  you  to  cancel  the 
gram  unit  and  give  you  the  answer  in  mil¬ 
ligrams. 

05  g  ^  Ijm.  =  answer  in  milligrams 
■?  g 

You  do  this  by  means  of  a  “conversion 
fraction.”  This  fraction  differs  according 
to  the  particular  problem.  It  is  designed 
to  show  the  equivalence  between  the 
known  and  unknown  units  of  measure¬ 
ment.  The  known  type  of  unit  should  be 
in  the  denominator.  For  this  problem,  the 

conversion  fraction  is  — —  .  You  must 

?  g 

fill  in  the  missing  quantities. 

First  you  set  the  quantity  of  either  unit 
to  1.  Then  you  find  out  how  many  of  the 
other  unit  are  contained  in  that  quaniity. 
In  this  case,  let  us  set  the  quantity  of 
grams  at  1.  One  gram  contains  1000  mg. 
so  you  fill  in  the  fraction  like  this: 


1000  mg 
1  g 


Note  that  this  fraction  is  equal  to  1,  be¬ 
cause  the  numerator  and  the  denomina¬ 
tor  both  represent  the  same  quantity, 
only  in  different  units.  Remember,  the  de- 
noiuinotor  must  oe  in  me  seme  unit  of 
measure.ment  os  the  .\h.  Cl'>  dose. 


Now  '.'ou  ca.n  solve  me  proijiem  by 
canceling  the  eram  unit  and  multip.yinq; 


1000  me 


0.5 


<  1000  mg 


=  500  mg 
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PROBLEM  8  Take  another  example, 
this  one  involving  a  conversion  between 
household  measures.  You  are  to  give  a 
patient  6  tsp  of  milk  of  magnesia  as  nec¬ 
essary  for  constipation.  How  many  table¬ 
spoons  would  that  be?  In  other  words.  0 
tsp  =  ?  T  (KNOWN  unit  is  6  tsp.  UN¬ 
KNOWN  is  ?T). 

Set  up  the  calculation  so  that  you  can 
cancel  out  the  teaspoons  and  get  the  an¬ 
swer  in  tablespoons: 

?  T 

6  tsp  X  -  =  answer  in  tablespoons 

?  tsp 


Now.  suppose  that  your  tablets  of  Pro- 
Banthine  are  15  mg  each.  How  many 
15-mg  tablets  would  it  take  to  make  30 
mg?  Some  quick  mental  figuring  tells  you 
that  you  should  give  the  patient  two  tab¬ 
lets.  If  in  doubt,  you  can  use  the  WANT/ 
HAVE  formula,  now  that  you  have  al¬ 
ready  converted  from'  grains  to  milli¬ 
grams. 


WANT 

HAVE 


=  2  tablets 

JLS'Ipg 

1 


You  know  that  3  tsp  =  1  T.  so  you  can  fill 

1  T 

in  the  conversion  fraction  as  - 

3  tsp 

Proceed  to  solve  as  follows: 

^  1  T 

(/  X  -  =  2  T 

1 


PROBLE.M  9  Next,  try  a  problem  that 
involves  converting  from  one  measure¬ 
ment  system  to  another.  The  order  is  for 
Pro-Danlhine  cr  and  you  have  tablets 
that  are  labeled  in  milligrams.  Use  the 
above  procedure  to  find:  Vz  gr  =  ?  mg. 

1  ?  me 

—  gr  X  - ^  =  answer  m  mg 

2  ?  gr 

From  memory  (or  looking  at  Table  4-7), 
you  know  that  1  gr  =60  mg.  so: 

30 


CHILDREN'S  DOSES 

As  you  learned  in  Unit  2.  children  need 
smaller  doses  of  medicine  than  adults. 
There  are  two  ways  to  adjust  dosages  for 
children:  by  age  and  by  weight.  In  both 
cases,  you  can  use  the  basic  K.NOWN/ 
UNKNOWN  procedure  you  have  just 
learned.  But  first,  here  is  the  way  children 
and  adults  are  defined  for  the  purpose  of 
calculating  dosages. 


Age 

Weight 

Infant 

0-24  months 
(up  to  2  years) 

Less  than 

150  lb 

Child 

24-150  months 
(2  to  12V2  years) 

Less  than 

150  lb 

Aduit 

150  months  and 
over  (more  than 
12V:  yrsi 

Over  150  lb 

=  30  rr.g 
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adjusting  doses  by  age  a  6- 

monlh-old  infant  is  to  be  given  a  dose  of 
tetracycline.  The  usual  adult  dose  is  250 
mg.  You  should  sei  up  the  problem  like 

this: 


Patient  s  age  Usual  adult  dose 

(in  months)  X  months) 

=  Child’s  dose 


The  adult  age  is  always  150  months  (IZVa 
years)  in  this  way  of  calculating.  After 
filling  in  the  proper  numbers  for  your 
problem,  you  would  get  (mo  =  months). 


6  pjcr  X 


250  mg 
150  jne 


1500  mg 
150 


10  mg 


The  infant  would  therefore  be  given  10 
mg  of  tetracycline. 

Suppose  that  you  were  giving  tetracy¬ 
cline  to  an  0-year-old.  Eight  years  is  the 
same  as  96  months  (8  X  12  =  96),  so  your 
problem  would  look  like  this: 


96  JJHT  X 


250  mg 
150  jr.<f 


24000  mg 
150 


=  160  mg 


ADJUSTING  DOSES  BY  WEIGHT  You 
can  figure  out  a  child's  dose  by  weight 
just  as  you  did  by  age.  An  adult  is  consid¬ 
ered  to  weigh  150  lb  in  this  formula: 


Patient’s  weight  X 


Usual  adult  dose 
Adult  weight 
(always  150  lb) 


=  Child's  dose 


A  doctor  orders  Dilantin  for  a  30-lb.  child. 
The  usual  adult  aose  is  100  mg.  Your  cal¬ 
culation  would  look  like  tnis: 

1  inn  n-o  jOn  nw 

<•  — ^ - = -  =  20  mg 

LaU  .<0  5 

5 


WHEN  IN  DOUBT 

As  a  giver  of  medications,  you  share  in  the 
health  care  team’s  responsibility  for  mak¬ 
ing  sure  that  the  patient  gets  the  correct 
dose.  To  meet  this  responsibility,  you  are 
learning  all  you  can  about  dosage  calcula¬ 
tion  and  conversions  between  measure¬ 
ment  systems.  If  you  study  hard  and  do 

the  practice  exercises  until  you  have  mas¬ 
tered  them,  you  will  be  prepared  to  han¬ 
dle  most  routine  dosage  questions.  How¬ 
ever.  you  must  also  recognize  your 
limitations.  If  you  arc  the  least  bit  con¬ 
fused  about  a  conversion,  or  if  you  are 
unsure  about  a  particular  calculation,  get 
some  help.  Ask  the  physician,  the  nurse  in 
charge,  or  the  pharmacist  to  check  your 
work.  There  should  be  no  shame  in  asking 
for  assistance  in  this  area.  After  ail.  the 
main  concern  is  the  welfare  of  the  patient. 
What  could  be  more  important  than  get¬ 
ting  the  dose  right? 
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Select  the  BEST  answer. 

1.  The  range  of  quantities  that  can  produce  therapeutic  effects  of  most  drugs  is 

A.  dosage  range. 

B.  volume  space. 

C .  unit  dosage . 

D.  -measurement. 

2.  The  basic  unit  of  weight  in  this  s-ystem  of  measurement  is  the  _ 

and  the  basic  unit  of  volume  is  the  _ _• 


A.  minim,  grain. 

B.  grain,  minim. 

C .  weight ,  VO  lume . 

D.  liquid,  dry. 

3.  The  system  of  measurement  described  in  question  2  is 

A.  household. 

B .  metric . 

C.  dosage. 

D.  apothecary. 

4.  A  single  formula  used  to  calculate  the  number  tablets  or  cansules  is 


A, 

have 

want 

B. 

l<navn 

uniccown 

C. 

want 

have 

D. 

ase 

weight 

r-> _ 


-r _ I . 
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Sr^Sldren^irby^^  medicine  than  adults.  Two  ways  to  adjust  dos 

A.  known 
unknown 

B.  want 
have 

C.  a,^e 
weight 

6.  The  inore  conplex  fomrula  used  to  calculate  dosages  with  conversions  is 

A.  kno\<n 
unknown 

B.  want 
liave 

C.  age 
weight 

Matching . 

®  correct  answer  and  place  on  the  space  provided  in 


Column  A 

Column  B 

1. 

apothecary 

A. 

basic  unit  or  xjtz.  in  apothecam/  svstem 

2. 

dram 

B. 

system  of  measurement 

3. 

grain 

C. 

1,  2,  3,  4  and  so  on. 

4. 

liter 

D. 

basic  unit  of  volume  in  metric  svstem 

j. 

metric 

E. 

60  grains 

6, 

milligram 

F. 

one- thousandth  of  a  aram 

7 , 

minim 

G. 

basic  ’unit  of  volume  in  aDorhec.qr''’ 

3. 

Pvoran 

system 

H. 

—  ’  — v  ,  and  so  ucrtn 
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2.  Measure  and  calculate  dosage. 


LEARNING  STEPS  (Activities) 

1.  Cosuit  Resource  //I  for  a  review  on 
basic  mathematics. 

2.  Upon  mastery  of  this  basic  Math 
Review,  see  resource  //2  for  an 
introduction  to  measurement  and 
dosage  calculations. 

3.  Complete  Resource  //3  for  an 
exercise  on  measure  and  calculate 
dosage. 

4.  For  mastery  of  this  task,  complete 
Resource  '>%  for  a  performance 
evaluation. 

5.  Comnlete  resource  /f5  for 
a  written  evaluation. 


b.  Prodeed  to  Resource  ?;6. 


RESOURCES 

1.  See  instructor  and  Job  sheet  100- 
002-001,  pgs.  21  -  27,  "Review 
Basic  Math"  in  this  S.L.G. 

2.  See  instructor 


3.  Job  sheet  100-002-003,  "Exercise  on 
Measurement  and  Calculation  of 
dosage,"  pgs. 28-35  in  this  SLG. 

See  instructor  for  evaluation. 

4.  Performance  checklist,  pgs.  54-35 
in  this  SLG.  See  instructor 

for  evaluation. 

5.  Written  Criterion  Exam,  Task  ■'lOO 
"Measure  and  calculate  dosage," 
in  LRC.  See  instructor  for 
evaluation. 

6.  See  instructor  for  next  learning 
guide. 
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Definitions 

A  fraction  is  a  v;ay  of 
expressing  an 
smounl  thdt  is  psrt  of 
a  whole: 


The  more  parts  the 
whole  is  divided  into, 
the  smaller  each  part 
has  to  be: 


The  whole  can  be  a 
set  of  things,  for  ex¬ 
ample,  nine  dots  or 
too  mg: 


A  fractional  amount 
of  a  whole  is  express¬ 
ed  like  this: 


A  fraction  is  also  a 
way  of  excressing  a 
relations.'^'io  oer.vee^ 
two  numccrs  or 
quantities;  ‘cr 
example,  t  means 

"3  divided  by  4  ' 
which  can  also  be 
expressed  as: 
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whole 

1 


©  ©  0 
0  ©  o 
©  ©  o 

whole 

1 


3-4 


or 


two-thirds 

2 


three-fourths 

3 


seven-tenths 

7 

« 

10 


/  1 

/  4 

\  1 

1  / 

\  4 

4  / 

one-third 

1 


o  o 

©  Q 
©  O 

two-thi(ds 

2 


S-  ■  " 

o  o  o  ® 
o  o  o  o 
o  o  o  o 

one  and  one-third 
1 

1  — 


25  \ 

/  rng 

mg  \ 

\  25 

\  hhg 

1 

2 


3 

4 


1 

1  — 
2 


3  -NUMERATOR:  how  many  parts  of  the  v/hole  you  are  taking 
5 -DENOMINATOR;  ho’.v  many  equal  parts  the  v;hole  is  divided  into 


or  3:4  (ratio) 
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Simplifying 

fractions 

To  make  calculations 
easier,  fractions  may 
Oe  reduced  tc 
lowest  terms: 

To  reduce  a  fraction 
to  lowest  terms, 
divide  both  the 
numerator  and  the  de¬ 
nominator  by  the 
largest  number  that 
will  go  into  both  of 
them  evenly;  for 
example: 


o  I  o  i  o 


e 

o  !  o 

• 

e 

o 

o 

0 

o 

0 

o 

o 

0 

o 

e 

0  > 

1 

2 

3 


When  you  reduce  a  (Note:  If  there  is  no  number  that  goes  into  both  the  numerator  and  denominator  evenly,  you  cannot 

fraction,  the  amount  reduce  the  fraction:  it  is  already  in  lowest  terms.) 

stays  the  same,  but 

the  fraction  is  easier 

to  work  with. 


Canceling  is  a  short¬ 
cut  way  of  snowing 
that  you  have  divided 
tne  top  and  bottom* 
of  the  fraction  by  the 
same  numoer.  Here  is 
how  It  IS  shov/n  m 
written  wotk: 


3_ 

15 

1 

5 


3 

You  wish  to  reduce  15  to  lowest  terms,  so  you  divide  top  and  bottom 
by  the  largest  number  that  will  go  into  both  of  them  evenly,  or  3. 


Three  goes  into  3  once,  so  you  cancel  out  the  3  and  write  1. 

Three  goes  into  15  five  times,  so  you  cancel  out  the  15  and  write  5. 


I 

5 


1 

Thus,  after  reducing  to  lowest  terms,  the  fraction  . 


Units  of  measure¬ 
ment  can  be  cancel¬ 
ed,  too.  as  long  as  the 
same  type  of  unit 
appears  m  Doth  the  "13 

numerator  and  the  - ^ 

denominator;  25 


or 


3^ 

5^r 


but  not 


3  gr 
50  mg 


A  relationship  like 
350  mg 

o  rpi  ^ 

means  tne  same  as;  350  fTlG  —  25  iTlQ 


:5C 


nr;g 


j  ^ 


or 


25  mg  !  350  m.g 


or 
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To  simplify  a  "top- 
heavy"  fraction  (or 
improper  fraction) 
where  the  numerator 
IS  larger  than  the 
denominator,  turn  it 
into  a  mixed  number 
(whole  number  and 
fraction)  as  follows; 


5 

4 


Such  top-heavy  Divide  the  numerator  by  the  denominator.  Express  the 

tractions  are  changed  remainder  as  a  fraction  with  the  same  denominator, 
to  mixed  numbers 
only  In  giving  the 
final  answer  to  a 
problem.  During 
calculations,  mixed 
numbers  are  awkward 
to  '  ork  with  and  must 
be  changed  to  im¬ 
proper  fractions. 


/  1  rem  1  \ 

(4^  ) 


Multiplying 

fractions 

To  multiply  a  fraction 
by  another  fraction, 
multiply  numerator 
X  numerator  and 
denominator  x 
denominator  ( X  = 
times): 


A  J-  -  3  X  1_ _ 3_ 

10  ^  10  ■"  10  X  10  "  100 

5  ^  _  5x2  _  10 

8^3"8x3  24 


Remember  to  reduce  the  answer  to  lowest  terms. 


1 

i 

1 

5 

45' 

A 

(divided  top  and  bottom  by  2) 

12 

12 

To  multiply  a  fraction 

by  a  whole  numcer. 

W 

7  2  14  -15 

multiply  yrhoie 
numder  x  numerator. 

/  ^ 

(You  may  exoress  the  v;hole  number  as  a  fraction  by  cu.r.n  it 
the  denominator  '"’.'n  Then  place  the  oroaucl  over  me 
denominator  and  simplify. 
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In  multiplying 
fractions,  you  are 
allowed  to  cancel 
across  the  times 
sign  as  follows: 


1 

3  _  3  X  1_  _  3. 

x5”  5 

1 

4 

^  ^  A  _  4x5  _  20 
9^>T“9x7"63 
7 


You  divide  the  denominator  of  one  fraction  and  the  numerator 
of  the  opposite  fraction  Oy  the  same  numOer,  This  maKes  your 
job  easier  because  you  work  with  smaller  numbers. 


In  the  same  way,  you 
may  cancel  identical 
units  of  measurement 
across  the  times  sign. 
This  is  important  for 
certain  formulas  in 
dosage  calculation: 


5  ml 


.5 


1  g 
1 


0.5  g 


Dividing 

fractions 

Flip  over  (Invert) 
the  divisor  ano  then 
multiply  the  two 
fractions: 


1 


c; 

8 


5 

9 


Q 

8 


1 


• . 


d 


A 

5 


X 


o 


Decimal 

fractions 
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In  working  with 
metric  measures, 
fractions  are  ex¬ 
pressed  as  decimals. 
Here  is  how  the 
decimal  system' 
works: 

The  placement  of 
numbers  in  relation  to 
the  decimal  point 
tells  their  value.  All 
the  place  values  are 
multiples  of  ten. 


Here  are  some  ex¬ 
amples  of  various 
whole  numbers  and 
fractions  expressed 
as  decimals: 


Decimal 

point 


Whole  numbers 


0  0  0  0  t  0  0  0 


—Fractions— ► 


thousandths 


hundredths 
tenths 


ones 


tens 
hundreds 


thousands 


Greater  quantities 
Lesser  quantities 


1.0 

0.75 

0.66 

0.5 


- 

'  10 

1 

"  0.33 

75 

0.25 

100 

4 

66 

0.125 

100 

3 

5 

1 

10 

2 

33 

100 

25 

100 

125 

1000 


r  Prog 


ram 


Task  Page 


JOB  SHEET 


As  you  see  above, 
any  decimal  fraction 
can  be  expressed  as 
a  regular  or  common 
fraction.  Note  the 
position  of  the  final 
digit  relative  to  the 
decimal  point: 


Any  common  fraction 
can  be  changed  to  a 
decimal  fraction  by 
dividing  the  numer¬ 
ator  by  the  denomin¬ 
ator: 


To  multiply  decimal 
fractions: 


0.48  ^ 

( 

hundredths 


48 

100 


1.6  — 

tenths 


12 

Aer 

mr 

25 


1^ 


12 

25 


2.  0.333, etc. 

3  3  I  1.00  ~  ^-23 

_9 _ 

10 

9 


1 

1.5  X  0.35  =  ? 


Set  up  your  multiplication  like  a  normal  multiplication  problem 


1.5 
X  0.35 

75 

45 

0.525 


ro  decide  where  the  decimal  ooint  goes,  look  at  the  origina 
problem  and  count  the  total  number  of  places  shown  to  the 
right  of  the  decimal  point,  m  this  case  3. 


1.5  X  0.25  =  0.525 


V 

3  2  1 


Then,  starting  f^crn  the  last  dioit  of  the  answer,  count  th 

many  places  to  the  leit  ana  place  the  oecirrai  nnnt  alter 
c3igit. 


at 

that 
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More  examples; 


100  X  0.01  = 

1  2 


1.^ 

2  1 


3.25  X  0.002  =  0.00650 


1  2 


3  4  5 


5  4  3  2  1 


2.5  X  1.4  =  3.50 


Vw/ 

1 


2 


2  1 


Placing  the  decimal  point  correctly  is  very  imoortant.  A 
misplaced  oecimal  means  a  huge  error  In  dosage  calculation. 


Divide  decimal 

fractions  as  follows;  30  -r-  1 .5  =  ? 

If  there  is  a  decimal  fraction  in  the  divisor,  move  it  to  the  right 
past  the  rightmost  digit,  making  the  divisor  a  whole  number. 
Count  how  many  places  you  moved  it.  Then  move  the  decimal 
in  the  dividend  the  same  number  or  places  to  the  right.  The 
decimal  should  be  placed  directly  above  that  point  in  the 
quotient  (answer). 


divisor 


2  0.- 


I.S  30. - 


quotient 

dividend 


If  there  is  no  decimal  fraction  in  the  divisor,  the  quotient  gets  a 
decimal  point  directly  aoove  the  one  in  the  dividend; 


15 


2.0 

30l0 


Program  Task  I  Page 


4 


JOB  SHEET  //100-002-003 

"EXERCISES  ON  MEASUREMENT  AND  CALCULi\TION  OF  DOSAGE" 

Exercises 

A.  Write  abbreviations  for  these  units  of  measurement. 

1.  minim  _ 

2.  grain  _ 

3.  dram  _ 

4.  fluidram  _ 

5.  ounce  _ 

6.  drops  _ 

7.  pint  _ 

a.  teaspoon  _ 

9.  tablespoon  _ 

/ 

10.  pound  _ 

11.  milligram  _ 

12.  milliliter  _ 

13.  cubic  centimeter  _ 

14.  liter  _ 

15.  gram  _ 

B.  Practice  decoding  abbreviations.  The  following  dosage  orders  are  given  using  Roman 
numerals  ana  abbreviations  for  tne  aoothecaries  system  or  measurement.  Write  them 
out  in  full,  using  arabic  numerals. 

1.  ^r7  _ 

2.  gr  _ 

3.  f^VTT  _ 

4.  m  IT  _ 

5.  _ 


i 

I 


) 


JOB  SHEET  #100-002-003 


C.  Practice  with  measurement  systems.  Use  Tables  4-4,  4-6,  and  4-7  to  find  the  equivalents. 
See  how  many  you  can  memorize. 

1.  A  grain  weighs  the  same  as  _____  minim(s)  of  liquid. 

2.  One  minim  is  the  same  as  ______  drop(s). 

3.  One  milliliter  is  approximately  equal  to  _ _ _  drop(s). 

4.  Fifteen  grains  is  about  _____  gram(s). 

5.  One  grain  is  about  _______  milligram(s). 

6.  One  gram  is  equal  to  ______  milligrams. 

7.  One  milliliter  is  the  same  as  _____  cubic  centimeter(s). 

8.  One  teaspoon  is  about  ____  miililiter(s). 

9.  One-half  of  a  gram  equals  _  miiligram(s). 

10,  One  glass  (8  oz)  contains  about  _ _  milliliter(s). 

1  1.  One  milligram  is  about  _  grain, 

12,  One-tenth  of  a  milligram  is  about  _  grain. 


13.  One  liter  (1000  cc)  is  about  _  quart(s). 

D.  Reduce  these  fractions  to  lowest  terms. 


1. 1  = 

8 

5.  —  = 

28' 

9.  225 

500 

2.  i  = 

9 

_  250 

6.  -  = 

1000 

10.  ii 

48 

3.  = 

100 

7.  11  = 

18 

11.  li 

36 

4  11  = 

32 

8.  —  = 

45 

1  — 
60 

Change  these 

improper  fractions  to  mixed  numbers 

CO  1  00 

II 

5,  li  = 

4 

9.  ii 
15 

2.  i  = 

2 

6.  li  = 

3 

10.  ii 
20 

3  —  - 

12 

^  350 

100  ” 

45 

11. 

7 

lo  ~ 

3.  —  = 

c 

4  0  SOO 

1  - 

so 

f  Prog 


ram 
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^3  4 

7.  —  X  —  = 

4  5 

o  8  5 

8.  —  X  —  = 

9  14 


11.  3  gr  X 


12.  45  gr  X 


60  mg 

1  gr 

1  g 

15  gr 


G.  Divide  these  fractions.  Reduce  the  answers  to  lowest  terms. 


1.  1 

2 

2.  i 

8 


1 

60 
1 

60 

5.  ^ 
12 


3. 


4. 


2 

3 

£ 

9 

^  3  = 

J_ 

T 

3 

24 


7.  1 


8. 

9. 

10. 

1  1. 


1 

60 

2 

6 

2 

8 


1 

600 

1 

12 

2_ 

12 

2 

8 


_2_ 

15 


J_ 

60 


6.  2  ^ -  = 

15 


H.  Write  these  as  decimal  fractions: 


12. 


_3. 

5 


2_ 

3 


I 


V 


1  1. 


I  2. 


23 

10C0 

225 

1CC0 


3. 

9. 

10. 


12 

100 

25 

100 

89 

100 


10 


1  o  ^ 

i  o .  I 


4 


15. 


73 


1000 
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I.  Write  these  as  common  fractions  and  reduce  to  lowest  terms. 


1.  0.75  = 

6. 

5.66  = 

O 

k> 

II 

7. 

0.25  = 

3.  0.33  = 

8. 

0.005  = 

4.  1.5  = 

9. 

0.375  = 

- 

5.  23.02  =»  • 

Practice  with  decimal  fractions: 

1.  1.5  X  3  = 

3. 

4  H-  0.4 

2.  1.5  X  0.3  = 

9. 

1.2 

2 

3.  1.5  X  0.03  = 

0.03 

3 

4.  2.75  X  0.1  = 

•  10. 

2.25  g  X 

15  gr 

5.  7.5  ^  25  = 

6.  7.5  2.5  = 

1 1. 

3.2  L  X  - 

1  g 

1000  cc 

1  L 

7.  7.5  4-  0.25  = 

12. 

0.5  ml  X 

15  rry 

1  ml 


K.  Change  from  grams  to  milligrams: 

1.  0.1  g  =  _  mg 

2.  2.5  g  s  _  mg 


3.  0.03  g  =  _  mg 

4.  0.125  g  =  _  m 

5.  3.45  g  =  _  mg 


L  Change  from  milligrams  to  grams: 

1.  325  mg  = _ g 

f 

2.  1200  mg  =  _  g 

3.  3000  mg  =  _  g 

4.  5  mg  =  _  g 

5.  75  mg  =  _  g 


M.  Use  Table  4-7  if  necessary  to  convert  these  dosages.  5ut  first  try  to  do  them  m  your 
head. 


1.0.1  mg  = 
2.  0.5  mg  = 


gr 

gr 


o.  -  mg  =  gr 

4.  4  mg  =  _  gr 

- -  mg  =  1  gr 


6.  150  mg  = 

7.  _ 


nn  .  -«  . 

.  .  .  .j  —  ^  . 


ctr 


r>  r 
J  ' 


3.  1  g  =  _ 

9 .  _  g  =  7  'A  g  r 

10.  3  g  =  _  gr 
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N.  Use  the  WANT/HAVE  formula  to  solve  these  dosage  problems: 

1.  The  doctor  orders  250  mg  of  a  drug.  You  have  100-mg  scored  tablets  on  hand. 

You  will  give  the  patient  -  tablets. 

2.  The  medication  order  calls  for  a  dose  of  1  %  gr  aspirin.  Aspirin  comes  in  scored 

tablets  of  5  gr  each.  You  will  give  the  patient  -  tablet.  [Hint:  1%  =  */* ) 

3.  The  physician  orders  75  mg  of  a  drug.  You  have  capsules  of  25  mg  each.  You 

give  the  patient  -  capsules. 

4.  An  injectable  antibiotic  is  packaged  100,000  units/cc.  The  doctor  orders  400,000 

units.  A  certified  nurse  will  administer  -  cc  to  the  patient  parenterally. 

5.  A  solution  contains  25  mg  of  a  drug  per  teaspoon.  The  doctor  ordered  50  mg. 

You  give  -  tsp. 

6.  You  have  ’A-gr  tablets.  You  want  to  give  '/*  gr.  You  administer  -  tablet(s). 


7.  The  doctor's  order  says  to  give  gr  ^ .  The  medicine  bottle  says  each  5-ml  tea* 
spoon  contains  IVi  gr.  You  give  -  tsp.  {Hmt:  IVi  gr  =  gr.) 


0.  Use  the  KNOWN/UNKNOWN  formula  or  Table  4-7  to  solve  these  dosage  problems 
involving  conversions: 

1.  The  doctor  orders  600  mg.  The  dosage  form  on  hand  is  gr  X  tablets.  You  give 

_  tablet(s).  [Hint:  Find  500  mg  =  ?  gr,  then  use  the  WANT/HAVE  formula.) 

2.  You  have  %-gr  tablets  on  hand,  and  the  doctor  has  ordered  15  mg  of  the  drug. 

You  give  _  tablet(s). 

3.  The  doctor  ordered  gr.  The  tablets  on  hand  contain  30  mg  each.  You  give  - 

tablei(s).  [Hint:  Find  y*  gr  =  ?  mg,  then  use  the  WANT/HAVE  formula.) 

4.  An  oroer  is  for  45  minims  of  a  drug,  but  you  do  not  have  a  measuring  container 
marked  in  minims.  You  ao  have  a  container  marked  m  milliliters.  You  administer 

_  ml. 


P.  Practice  with  dosage  calculations:  translate  each  medication  order  and  then  answer  the 


dosage  questions: 

1.  An  order  reads:  Hvoeohen  fil  t.i.d.  (p.o.)  X  5  days. 

a.  You  do  not  have  a  glass  container  marked  in  fluidounces.  What  housenoid 

measure  could  you  use?  - 

b.  How  many  taoiesooons  are  there  in  f^  I  (f\i  =  ?  T)?  - 

c.  Kow  many  fluidcunccs  do  vou  need  for  a  1 -day  suooiy  of  Hyoeonen? - - - 

a.  How  manv  fluidcunces  of  Hvceonen  are  needed  m  5  davs? - 

e.  How  manv  pints  dc  you  orcer  *rom  the  pnarmacy  to  nave  a  c-day  supply  of  Hyoe 


r^. 


p  n  e  n  (15 
order  'ca 


ds; 


=  ?  pti?  _ 

“er-r.-ScI 


J 


d.d.  p.c.  Onp  teas 


ocn  supplies  1  3  mg  of  iron.  The 


pnarmacy  senos  jO  an  3-cz  onttie  of  j-er-ln-Soi. 

a.  now  many  teaspoons  are  tnere  in  an  3-oz.  oottle  (3  oz  =  ?  tsp)? 


1  the  bottle  of  Fer-ln-3ol  last? 


b.  About  how  many  days  wii 
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Q.  Practice  calculating  dosages  for  children.  The  usual  adult  dose  of  Dilantin  is  100  mg. 

1.  How  much  Dilantin  would  you  give  to  a  child  9  months  old?  — __ — __ 

2.  How  much  Dilantin  would  you  give  to  a  child  who  weighs  34  lb?  — - 

3.  How  much  would  you  give  to  a  10-year  old?  — - 

4.  How  much  would  you  give  to  a  16-year  old?  - - — 

R.  Extra  practice  with  conversions. 

1.  How  many  grams  would  you  give  if  the  order  is  10  mg  of  Valium?  - 

2.  How  many  cubic  centimeters  do  you  give  when  the  order  is  2  L  of  Ringer  s  lactate? 

3.  How  many  tablespoons  would  you  give  if  the  order  is  8  oz  of  Gelusil?  - - 

4.  Hov/  many  drops  do  you  give  when  the  order  is  Y:  tsp?  - - 

5.  How  many  milligrams  of  phenobarbital  would  you  give  if  the  order  was  for  2  gr? 

6.  You  have  capsules  containing  0.5  g  of  a  drug.  The  doctor  ordered  500  mg.  How 

many  capsules  do  you  give?  - — 
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7.  You  are  to  give  a  patient  6  tsp.  of  milk  of  magnesia  as  necessary  for 

constipation.  How  many  tablespoons  would  that  be?  (Show  steps  in  solving 
problem) . 


A.  1  T. 

B.  2  T. 

C.  3  T. 

D.  4  T. 


8.  Suppose  that  you  were  giving  tetracyclive  to  an  8  year  old  child.  Eight  years 
is  the  same  as  96  months  (8  X  12=  96)  (Show  Calculations) . 

A.  16  mg. 

B.  160  mg. 

C.  600  mg. 

D.  1600  mg. 

9.  A  doctor  orders  dilantin  for  a  30  lb.  child.  The  usual  adult  dose  is  100  mg. 
(Show  calculations) . 

A.  2  mg. 

B .  20  mg . 

C.  200  mg. 

D.  1200  mg. 

10.  Convert  simply  0.25  to  milligrams. 

A.  25  mg. 

B.  250  mg. 

C .  0 . 5  mg . 

D. ^  1000  mg. 
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TASK;  PERFORM  RETICULOCYTE  COUNT 


PURPOSE: 


The  reticulocyte  count  is  an  important  diagnostic  tool.  It  is  a 
relatively  accurate  reflection  of  the  amount  of  effective  red  cell 
production  taking  place  in  the  bone  marrow.  This  learning  guide 
will  assist  you  to  perform  a  reticulocyte  count. 
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RETICULOCYTE  COUNT 

The  red  blood  cell  goes  through  six 
stages  of  development:  rubriblast,  prorub- 
ricvte.  rubncyte.  metarubricyte.  reticulo¬ 
cyte.  and  mature  red  blood  cell.  The  first 
four  stages  are  normally  confined  to  the 
bone  marrow.  The  reticulocyte,  however, 
IS  found  in  both  the  bone  marrow  and  pe¬ 
ripheral  blood.  In  the  bone  .marrow,  it 
spends  appro.ximately  2  days  maturing 
and  is  then  released  to  the  blood,  where  it 
matures  for  another  day.  prior  to  becoming 
a  mature  red  blood  cell. 

The  reticulocyte  count  is  an  important 
diagnostic  tool.  It  is  a  relatively  accurate 
reflection  of  the  amount  of  effective  red 
ceil  production  taking  place  in  the  bone 
marrow.  Since  the  life  span  of  a  red  blood 
ceil  is  120  days,  ±20  days,  the  bone  mar¬ 
row  replaces  approximately  1%  of  the 
adult  red  blood  ceils  every  day.  The  nor¬ 
mal  values  for  a  reticulocyte  count  are. 
therefore.  0.5%  to  1.5%.  The  reticulocyte 
count  is  expressed  as  the  number  of  re¬ 
ticulocytes  present,  per  100  red  blood  ceils 
(in  %).  A  decreased  reticulocyte  count  is 
found  in  aplastic  anemia  and  in  conditions 
in  which  the  bone  marrow  is  not  produc¬ 
ing  red  blood  ceils.  Increased  reticulocyte 
counts  are  found  in  hemolytic  anemias, 
iron  deficiency  anemias  receiving  iron 
therapy,  thalassemia,  sideroblastic 
anemia,  and  acute  and  chronic  blood  loss. 

Corrected  Reticulocyte  Count.  An  ac¬ 
curate  reticulocyte  count  should  reflect  the 
total  production  of  red  ceils  regardless  of 
the  concentraticm  of  red  ceils  in  the  blood 
( red  biocQ  count).  As  an  example,  compare 
the  following  two  patients.  Patient  No.  1 
has  a  hematocrit  of  42%  and  a  reticulocyte 
count  of  1.0%.  Patient  No.  2  has  a  hemato¬ 
crit  of  21%  and  a  reticulocyte  count  of 
2.0%.  Patient  No.  2.  theoretically,  has  half 
as  many  rea  ceils  as  patient  .No.  i  but  has 
ttie  same  numoer  of  reticulocytes  as  pa¬ 
tient  .No.  1  because  the  reticulocytes  are 
diluted  by  only  half  the  number  of  red 
ceils,  as  in  patient  No.  1.  To  compensate  for 
this,  a  correctea  reticulocyte  count  is  cal¬ 


culated.  based  on  a  normal  hematocrit  of 
42%  for  women  and  45%  for  men.  The  for¬ 
mula  for  this  correction  follows. 


Corrected 
reticuiocyte 
count  in  % 


Patient's 

hematocrit 

Normal 

hematocrit 


Reticulocyte 
count  in  % 


In  addition  to  correcting  a  reticulocyte 
count  for  an  abnormally  low  hematocrit, 
consideration  is  also  given  to  the  presence 
of  marrow  reticulocytes  present  in  the  pe¬ 
ripheral  blood.  In  this  circumstance,  the 
reticuiocyte  production  index  is  calcu¬ 
lated.  As  previously  stated,  the  reticulo¬ 
cytes  spend  approximately  2  days  in  the 
bone  marrow  before  being  released  into  the 
blocxi.  In  certain  situations,  these  marrow 
reticulocytes  are  released  directly  into  the 
blood,  prior  to  maturation  in  the  marrow. 
This  is  detected  by  nucleated  red  blood 
ceils  andyor.2p@fhfGhromatophilic  macro¬ 
cytes  (‘‘shift”^ils)  present  in  the  circulat¬ 
ing  blood.  To  correct  for  this  reticuiocyte 
maturation  delay,  the  reticuiocyte  produc¬ 
tion  index  is  calculated  by  dividing  the 
corrected  reticuiocyte  count  by  two.  In  pa¬ 
tients  showing  no  nucleated  red  ceils  or 
"shift"  ceils,  the  corrected  reticuiocyte 
counc  is  divided  by  one  (normal  reticulo¬ 
cyte  maturation  time)  and  the  reticuiocyte 
production  index  is  equal  to  the  corrected 
reticuiocyte  count. 

In  conditions  of  anemia,  the  bone  mar¬ 
row  normally  shows  a  response  to  this 
anemia  by  increasing  red  ceil  production. 
At  the  same  time,  the  reticuiocyte  count  in 
the  blood  also  is  increased.  See  Table  3  for 
the  normal  bone  marrow  response  to  a  de¬ 
creased  hematocrit. 
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TABLE  3.  NORMAL  BONE  MARROW  RESPONSE  TO  ANEMIA 


HEMATOCRIT 

RCTicuLocYTE  courn' 

CORRECTED  REnt.XILOCYTE  COUNT 

45 

1.0% 

1.0% 

35 

6.5% 

2-3% 

25 

14.0% 

3-5% 

15 

24.0% 

3-3% 

* 
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REAGENTS  AND  EQUIPMENT 

1.  Reticulocyte  stain.  Any  of  the  follow¬ 
ing  staining  solutions  may  be 
employed: 

A.  New  methylene  blue  N  solution 


Sodium  chloride 

0.8  g 

Potassium  oxalate 

1.4  g 

New  methylene 

0.5  g 

blue  N 

Distilled  water 

100  ml 

B.  Brilliant  cresyl  blue  solution 

Brilliant  cresyl  blue  I.O  g 
Sodium  chloride.  99  mi 

0.85%  (w/v) 

Filter  both  of  the  preceding  staining 
solutions  prior  to  use. 

2.  Glass  slides. 

3.  Applicator  sticks  or  microhematocnt 
tubes. 

4.  Microscope. 

SPECIMEN  ^ 

Whole  blood  (1  mi),  using  EDTA.  hepa¬ 
rin,  or  ammonium-potassium  oxalate  as 
the  anticoagulant.  Capillary  blood  from 
the  finger,  toe.  or  heel  may  also  be  used. 

PRINCIPLE 

After  the  metarubricyte  loses  its  nu¬ 
cleus,  a  small  amount  of  RNA  remains  in 
the  red  ceil,  and  the  ceil  is  known  as  a 
reticulocyte.  To  detect  the  presence  of  this 
RNA,  the  red  ceils  must  be  stained  wiiiie 
they  are  still  living.  This  process  is  called 
supravital  staining.  .After  the  cells  have 
been  stained  by  either  new  methylen;:  blue 
N  or  brilliant  cresyl  blue,  the  number  of 
reticulocytes  in  1.000  red  ceils  is  deter¬ 
mined.  This  number  is  divided  ten  in 
order  to  obtain  the  reticulocyte  count  in 
percent, 

PROCEDURE 

1.  Place  three  drops  of  filtered  reticulo¬ 
cyte  stain  in  a  small  lest  tuoc. 

2.  Add  three  drops  of  blood  to  the  test 
tube  containing  the  stain.  Ensure 
that  the  blooa  specimen  is  well 
mixed.) 


3.  Mix  the  tube  contents  and  allow  to 
stand  for  a  minimum  of  15  minutes, 
or  incubate  specimen  at  37'’C  for  15 
minutes.  This  allows  the  reticulo¬ 
cytes  adequate  time  to  take  up  the 
stain. 

4.  At  the  end  of  15  mimitesr- mi-x-4h»- 
contents  of  the  tube  well. 

5.  Using  applicator  sticks,  or  a  mi¬ 
crohematocrit  tube,  place  a  drop  of 
the  mixture  on  each  of  three  slides 
and  make  smears. 

6.  Stain  with  Wright's  stain,  using  the 
same  method  as  previously  described 
for  routine  blood  smears.  (This  step  is 
not  necessary  and  may  be  omitted. 
See  step  No.  9,  below,  for  explana¬ 
tion.) 

7.  Allow  smears  to  air-dry. 

8.  Place  the  first  slide  on  the  microscope 
stage  and.  using  the  low  power  objec¬ 
tive  (10  X),  find  an  area  in  the  thin 
portion  of  the  smear  in  which  the  red 
ceils  are  evenly  distributed  and  are 
not  touching  each  other.  Carefully 
change  to  the  oil  immersion  objective 
(100  xj  and  further  locate  an  area  in 
which  there  are  approximately  100  to 
200  red  cells  per  oil  immersion  field. 

9.  As  soon  as  the  proper  area  is  selected, 
the  reticulocytes  may  be  counted.  If 
the  smear  has  not  been  coun- 
terstained  with  Wright's  stain,  the 
red  cells  are  a  light  to  medium  green 
in  color.  The  RNA  present  in  the  re¬ 
ticulocytes  stains  a  deep  blue.  When 
counterstaining  with  Wright’s  stain, 
the  red  ceils  are  pink,  wnereas  the 
RNA  in  the  reticulocytes  stains  a 
aeep  purple.  The  reticulum  may  oe 
abunoant  or  sparse,  depending  upon 
the  cell’s  stage  of  development.  The 
youngest  reticulocyte  shows  a  iarger 
amount  of  RNA  iFig.  1121.  whereas 
the  more  mature  reticuiocvte  snows 
only  a  small  amount  of  RNA  iFig. 
IIZC).  Count  all  or  the  red  blooa  ceils 
in  the  rirst  field  on  one  ceil  counter. 
.At  the  same  time  enumerate  the 
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FIG.  112.  Stages  of  maturation  in  the  reticulocyte. 


reticulocytes  (Fig.  113)  in  the  same 
field  with  a  second  ceil  counter. 
.Move  the  slide  as  described  for  the 
differential  count  until  ail  reticulo¬ 
cytes  in  1000  red  cells  have  been 
counted. 

10.  A  second  technologist  should  repeat 
the  reticulocyte  count  in  the  same 
manner  as  described  in  step  9  on  the 
second  reticuiom/te  smear.  The  two 
results  should  agree  within  :i:10%  of 
each  other.  If  they  do  not.  repeat  the 
reticulocyte  count  on  the  third  smear. 

11.  Average  the  two  results  and  calculate 
the  reticulocyte  count  as  shown  be¬ 
low. 


%  Reticulocytes 


Number  of  reticulocytes 
counted  in 
1000  red  ceils 

10 


12.  Calculate  the  corrected  reticulocyte 
count.  If  marrow  reticulocytes  or  nu¬ 
cleated  red  blood  ceils  are  present, 
also  calculate  the.  reticulocyte  pro¬ 
duction  index. 


p 

X 


»'.v 


* 


FIG.  113.  Rclicuiocvtes.  (Suoraviiul  staining  of  the 
reo  oioou  ceil.s  wan  new  metnvienu  liliie  N.]  (Ma!>- 
nilication  x  lUOO.l 


DISCUSSION 

1.  There  are  various  methods  in  use  for 
mixing  the  stain  and  blood  for  a  re- 
ticuJocyte  count:  (1)  A  microhema¬ 
tocrit  tube  is  a  third  filled  with  blood, 
to  which  is  added  an  equal  amount  of 
'^tain.  This  mixture  is  rotated  back 
and  forth  in  the  hematocrit  tube,  al¬ 
lowed  to  stand  for  15  minutes,  re¬ 
mixed.  placed  on  slides,  and  smears 
made.  (2)  Blood  is  drawn  up  to  the  1.0 
mark  in  the  white  ceil  pipet.  Wipe  off 
the  outside  of  the  pipet  and.  in  order 
to  have  a  space  at  the  tip  of  the  pipet, 
allow  the  blood  to  run  up  a  short  dis¬ 
tance  into  the  pipet  bulb.  Draw  stain 
up  to  the  l.O  mark.  Remove  the  tip  of 
the  pipei^trom  the  bottle  of  stain  and 
draw  the  stain  up  into  the  bulb  of  the 
pipet  to  mix  with  the  blood.  (The 
bulb  of  the  pipet  is  not  full,  but  con¬ 
tains  an  equal  volume  each  of  blood 
and  stain.)  Mix  the  contents  of  the 
pipet.  allow  to  stand  for  15  minutes, 
remix,  and  make  smears. 

2.  The  bloori-to-stam  ratio  does  not 
hav(;  to  be  exactly  equal.  For  best  re¬ 
sults.  a  larger  proportion  of  blood 
should  be  aaded  to  the  stain  wnen  the 
patient's  hematocrit  is  low.  Add  a 
smaller  amount  of  blood  to  the  stain 
wnen  the  patient  has  an  unusually 
hi”h  hematocrit. 

3.  The  time  allowed  for  staining  of  the 
reucuiocytes  is  not  critical,  it  snouid. 
however,  never  be  less  than  LO  min¬ 
utes. 

4.  It  is  extremely  imoortant  that  the 
oiooci  and  .stain  oe  .mixed  well  prior  to 
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making  smears.  The  reticulocytes 
have  a  lower  specific  gravity  than  ma¬ 
ture  red  ceils  and  therefore  settle  on 
top  of  the  red  ceils  in  the  mixture. 

5.  Each  clinical  laboratory  may  show 
slight  alterations  in  the  reticulocyte 
method,  but  ail  are  based  on  the  same 
general  principles  as  described  here. 
Also,  corrections  for  the  hematocrit 
are  not  carried  out  in  all  laboratories. 

6.  Red  ceils  are  frequently  noted  on  the 
reticulocyte  smear  that  contain  areas 
that  are  highly  refractile.  These  cells 
should  not  be  confused  with  re¬ 
ticulocytes.  This  condition  is  proba¬ 
bly  due  to  moistd^e  in  the  air  and 
poor  drying  of  the  smear. 

7.  The  presence  of  high  concentrations 
of  glucose  in  the  blood  causes  the  re¬ 
ticulocytes  to  be  poorly  stained. 

8.  New  methylene  blue  N  is  preferred  to 
brilliant  cresyl  blue  as  a  reticulocyte 
stain  due  to  the  inconsistent  staining 
properties  of  the  latter. 

9.  The  range  of  error  in  the  reticulocyte 
count  varies,  depending  on  the 
number  of  reticulocytes  counted. 
Using  the  previously  outlined  proce¬ 
dure,  there  is  an  error  of  approxi¬ 
mately  i:25%  in  the  reticulocyte 
counts  within  the  normal  range.  This 
decreases  to  =10%  in  a  reticulocyte 
count  of  5%,  and  decreases  even 
further  as  the  uncorrected  reticulo¬ 
cyte  count  increases. 

10.  There  are  several  methods  of  count¬ 
ing  reticulocytes  once  the  smears 
have  been  made:  (1]  One  procedure 
utilizes  the  Miller  disc  that  is  placed 
inside  the  microscope  eyepiece.  This 
disc  consists  of  two  squares  as  shown 


in  Figure  115.  The  area  of  the  smaller 
square  (B)  is  n  tenth  that  of  square  .A. 
Therefore,  if  there  are  40  red  ceils  in 
square  A,  there  should  be  four  red 
ceils  present  in  square  B.  When 
employing  this  method  to  count  re¬ 
ticulocytes.  the  red  ceils  iTT-square^- 
are  counted  in  successive  fields  on 
the  slide,  until  a  total  of  500  red  ceils 
have  been  counted.  .-Vt  the  same  time, 
the  reticulocytes  in  square  A  are 
enumerated.  At  the  completion  of  the 
count,  theoretically,  the  reticulocytes 
contained  in  5000  red  ceils  have  been 
counted.  The  number  of  reticulocytes 
obtained  in  this  way  is  divided  by  50. 
in  order  to  obtain  the  percent  re¬ 
ticulocytes  present  in  the  blood.  The 
count  is  also  performed  in  duplicate, 
using  a  second  smear,  and  the  results 
averaged  to  obtain  the  test  value.  This 
method  is  somewhat  time-con¬ 
suming.  (2)  Place  a  small  “window” 
in  the  eyepiece  of  the  microscope. 
This  makes  the  field  smaller  and  the 
counting  of  ceils  easier.  (Cut  out  a 
round  piece  of  paper  the  same  diame¬ 
ter  as  the  eyepiece  and  cut  a  square 
hole  in  the  center.  Unscrew  the  top 
lens  of  the  eyepiece,  insert  the  paper, 
and  replace  the  top  lens.)  (3)  For  re¬ 
ticulocyte  counts  less  than  10%. 
count  at  least  100  reticulocytes  i  ex¬ 
cept  in  extremely  low  counts  where 
this  would  not  be  practical).  Insteaa 
of  counting  the  number  of  red  ceils  in 
every  field,  count  the  rea  ceils  in 
every  3  to  10  fieias  ana  also  keep 
track  of  the  numoer  of  fieias 
examined.  Calculate  the  reticulocyte 
count  as  follows; 


Total  numoer  of  RBCi 

_ counted _  ^  Total  numoer  of  _  Totai  numoer  of 

.Numoer  ot  fields  m  fields  examineo  RBCs  examined 
which  RBCo 
were  countea 


°'a  Reticulocytes  = 


Numoer  of 

reticulocytes  countea 
Total  numoer 
of  RBCs  examinea 


100 
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FIG.  114.  Heinz  bodies.  (Supravital  staining  of  red 
biooa  ceils  '.vitli  new  methylene  blue  N.  Compare 
unth  reticulocytes  stained  similarly.)  (Magnification 
X  1000.) 


11.  There  are  several  red  ceil  inclusions 
that  are  stained  by  the  new  methylene 
blue  N  and  brilliant  cresyl  blue 
stains,  in  addition  to  the  RNA  of  the 
reticulocytes.  Howeil-Joily  bodies 
appear  as  one.  sometimes  two.  round, 
deep-purple-staining  structures. 
Heinz  bodies  stain  a  light  blue-green 
and  are  usually  present  at  the  periph¬ 
eral  edge  of  the  red  ceil  (Fig.  114). 
Pappenheimer  bodies  are  most  often 
confused  with  reticulocytes  and  are 
the  most  difficult  to  distinguish  from 
reticulocytes.  These  purple-staining 
iron  deposits  generally  appear  as 
several  granules  in  a  small  cluster.  If 
Pappenheimer  bodies  are  suspected, 
a  Wright-stained  smear  may  be 
examined  to  verify  their  presence. 


Program 

Task 

Page  ^ 

^7.0904 

128 

'’Review  Reticulocyte  Count" 


1.  The  first  four  stages  of  development  of  RBC,  the  rubriblase,  prorubricyte , 
rubricyte,  and  metarubricyte  are  normally  continued  to 

A.  peripheral  blood, 

B.  bone  marrow. 

C.  capillary  blood. 

D.  cell  morphology. 

2^  Xhe  is  found  in  both  the  bone  marrow  and  peripheral  blood. 


A.  white  blood  cell 

B.  reticulocyte 

C.  erythrocyte 

D .  mature  RBC 

3.  The  bone  marrow  replaces  1%  of  the  adult  red  blood  cells  every  day.  The  normal 
values  for  a  reticulocyte  count,  therefore, 

0.15%  -  0.5%, 

0.5%  -  1.0%. 

0.5%  -  1.5%. 

1.5%  -  .50%. 


reticulocyte  count  is  expressed  as  the  number  of  reticulocytes  present, 

RBS's  (in  %) . 


10 

50 

100 

1000 


A. 

B. 

C. 

D. 

4.  The 
per 

A. 

B. 

C. 

D. 


A  decreased  reticulocyte  count  is  found  in  conditions  in  which  the  bone  marrow 
is  not  producing  red  blood  cells  and 

A.  aplastic  anemia. 

B.  pernicious  anemia. 

C.  iron-deficiency  anemia. 

D.  hemolytic  anemia. 


6. 
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To  correct  for  a  reticulocyte  naturation  delay,  the  reticulocyte  production 
index  is  calculated  by  dividing  the  corrected  reticulocyte  count  by 


A.  one. 

B .  two . 

C.  ten. 

D.  fifty. 


7.  _ I _ ^cells  are  indicative  of  increased  red  cell  production 

and  appear  somewhat  larger  than  normal  circulating  red  cells  and  are 
polychromatophilic . 

A.  Macrocytes 

B.  Microcytes 

C.  Hematopoietic 

D.  ’’Shift” 

8.  Compare  the  following  patients. 

Pt.  1  HCT  42%  Reticulocyte  count  1.0% 

Pt.  2  HCT  21%  Reticulocyte  count  2.0% 


1 


Patient  #2,  theoretically,  has  half  as  many  red  cells  as  patient  #1,  but  has 
has  the  same  number  of  reticulocytes  as  patient  ^^1  because  the  reticulocytes 
are  diluted  by  only  half  the  number  of  red  cells,  as  in  patient  ^1. 

To  compensate  for  this,  a  _  count  is  calculated, 

based  on  a  normal  hematocrit  of  42%  for  woemn  and  45%  for  men. 

A.  complete  blood 

B.  corrected  reticulocyte 

C.  production  index 

D.  marrow  reticulocyte 

9.  EDTA,  Heparin,  or  ammonium-potassium  oxalate  are 

A.  anticoagulants. 

B.  red  blood  cells. 

C.  staining  solutions. 

D.  reagents. 
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B.  high,  bottom 

C.  low,  bottom 

D.  high,  top 

15.  High  concentrations  of  _ in  the  blood  causes  the  reticulocytes 

to  be  poorly  stained. 

A.  water 

B.  crystals 

C.  glucose 

D.  red  cells 

14.  Howell-jolly  bodies  appear  as  deep-purple-staining  stuctures  and  Heinz  bodies 

stain  a  light _ ^and  are  usually  present  at  the  peripheral 

edge  of  the  red  cell. 

A.  bluish-purple 

B.  reddish-pink 

C.  blue-green 

D.  purplish-blue 


INTERMEDIATE  OBJECTIVE  #2 


Perform  reticulocyte  count. 


Count" 


JOB  SHEET 

128-002-002 

"Practive  Reticulocyte 


Directions  to  the  student: 

Given  the  necessary  reagents  and  equipment,  practice  performing  reticulocyte 
count. 


Necessary  reagents  and  equipment: 

1.  Reticulocyte  stain 

(  )  a)  New  methylene  blue  in  solution  or 

Filter  '  Brilliant  cresyl  blue  solution 

^  prior  to  i 

r  use  ] 


2.  Glass  slides. 


3.  'Applicator  sticks  or  microhematocrit  tubes. 


4.  Microscope 


Specimen  8 

Whole  blood  (1  ml),  using  EDTA,  heparin  or  ammonium-potassium  oxalate 
as  the  anticoagulant.  Capillary  blood  from  the  finger,  toe,  or  heel  may 
also  be  used. 

Procedure:  Page  97  -  98  textbook  or  refer  to  Procedures  Manual  in  lab. 


Program 

Task 

Page 

143 

PERFORMANCE/PRODUCT  CHECKLIST 


Program:  medical  assisting 


Task  No:  128 

Student's  Name: _  Date  Of  Attempt: 

Evaluator’s  Name: _ _ _ Evaluation  Site:  _ 

Performance  Attempt:  12  3  4 

Terminal  Performance  Objective: 


Given  the  necessary  reagents  and  equipment,  perform  a  reticulocyte  count. 


Directions  To  The  Student: 

Before  attempting  this  task  for  mastery,  carefully  review  this  checklist.  You  will  be  eval¬ 
uated  on  the  basis  of  this  checklist.  When  you  feel  you  are  ready  for  evaluation,  contact  your 

instructor.  You  must  complete  your  performance  within  - minutes  and  must 

score  at  least_^L__out  of _ 11 _ points  or - 21 - %  for  mastery.  Critical 


items  are  marked  with  an  asterisk  (*).  These  items  must  be  satisfactorily  completed. 


Directions  To  The  Evaluator: 

The  student  will  contact  you  when  ready  for  the  evaluation.  The  student  must  complete 

10  ■  •  .  ,  I  H 


\ 


the  performan^^  within 
points  or  _ 
completed. 


minutes  and  must  score 


out  of 


%  and  all  items  marked  with  an  asterisk  (*)  must  be  satisfactorily 
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I  CRITICAL 
ITEI-IS 

RATING 

\ 

ITLMS  TO  BE  OBSERVED  OR  CHECKED 

* 

1. 

Wash  hands 

1 

> 

* 

2, 

Place  7"  gtts.  of  filtered  reticulocyte  stain  in  test  tube 

* 

3 . 

Add  gtts.  of  blood  to  the  test  tubes  containing  the  stain 

★ 

4. 

Mix  the  tube  contents  and  allow  to  stand  for  a  minimum  of  15 
minutes 

★ 

5. 

Mix  contents  of  tube  well 

* 

6 . 

Use  applicator  sticks  or  a  microhematocrit  tube  to  place  a 
drop  of  mixture  on  each  of  three  slides 

* 

7. 

Make  smears 

* 

8. 

Stain  with  Wright's  stain  as  learned  in  routine  blood  smears 

* 

9. 

Allow  smears  to  air  dry 

★ 

10. 

Place  1st  slide  on  the  microscope  stage,  using  low  power  to 
find  an  area  in  this  portion  of  the  smear 

* 

11. 

Change  to  oil  immersion  and  locate  an  area  of  approximately 

100  -  200  red  cells  per  field 

* 

12. 

Count  reticulocytes  in  first  field 

1 

* 

13. 

Enumerate  the  reticulocytes  in  same  field  with  second  cell 
counter 

14. 

Move  slide  as  for  a  differential  count  until  all  reticulocytes 
in  1000  red  cells  have  been  counted 

* 

15. 

Repeat  the  reticulocyte  count  with  a  second  technologist  - 
results  should  be  within  -  10%  of  each  other 

★ 

16. 

Average  the  two  results 

17. 

Calculate  the  corrected  reticulocyte  count 

18. 

Clean  up  working  area 

TOTAL  POINTS  EARNED  = 

1 

POINTS  NEEDED  FOR  MASTERY  -  17 

TOTAL  POINTS  POSSIBLE  =  18 

/ 

/ 
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PROGRAM  MEDICAL  ASSISTING 


CRITERION  EXAM 


r.-\SK  * 


128 


niRElTTONS; 

nil:  PURPOSE.  OE  THIS  E.XiXM  IS  TO  DHTE.RMTNI;  IVHE.THER  OR  MOT  YOU  HAVE 
U.N'DERSTOOn  niE.  INFORMATION  ON  PERFORMING  RETICULOCYTE  COUNT. 


Each  of  Che  questions  or  incomplete  statements  below  is  followed  by 
several  words,  phrases,  or  a  series  of  numbers.  Choose  the  one  which 
best  answers  the  question  or  completes  the  statement  correctly.  Place 
the  letter  associated  with  that  choice  (A,B,C  or  D)  in  the  numbered 
blank  space  on  your  ANSWER  SHEET.  DO  MOT  WRITE  ON  THIS  TEST!!!  To 

master  this  ox:im  you  must  answer  ^ _ out  of  _ 

items  correctly,  _ *5. 
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EVALUATION  SHEET 

Written  Criterion  Examination 
TASK  #128 

'Perform  Reticulocyte  Count" 


Select  the  BEST  answer; 
1.  The 


2. 


is  found  in  both  the  bone  marrow  and  peripheral  blooc 


A. 

B. 

C. 

D. 


shite  blood  cell 
reticulocyte 
erythrocyte 
mature a  RBC 


The  bone  marrow  replaces  1%  of  the  adult  red  blood  cells  every  day 
normal  values  for  a  reticulocyte  count,  therefore. 


The 


A. 

0.15%  -  0.5% 

B. 

0.5%  -  1.0% 

C. 

0.5%  -  1.5% 

D. 

1.5%  -  .50% 

The 

reticulocyte 

per 

A. 

10 

B. 

50 

C. 

100 

D. 

1000 

RBC’s  (in  %). 


4.  A  decreased  reticulocyte  count  is  found  in  conditions  in  which  the  bone  marrow 
is  not  producing  red  blood  cells  and 


A. 

B. 

C. 

D. 


aplastic  anemis. 
pernicious  anemia, 
iron  deficiency  anemia, 
hemolytic  anemia. 


5. 


cells  are  indicative  of  increased  red  cell  production 
and  appear  somewhat  larger  than  normal  circulating  red  cells  and  are 
po lychromat ophi lie . 


A. 

B. 

C. 

D. 


Macrocytes 

Microcytes 

Hematopoietic 

"Shift" 
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EVALUATION  SHEET 
Written  Criterion  Examination 
TASK  #128 

’’Perform  Reticulocyte  Count 


If 


6.  After  the  reticulocytes  are  stained,  the  number  of  reticulocytes  in  1,000 
red  cells  is  divided  bt  _________________  in  order  to  obtain  the  reticulocyte 

count  in  percent. 

A.  one 

B.  two 

C.  five 

D.  ten 

7.  The  time  allowed  for  staining  fo  the  reticulocytes  is  not  critical,  however, 

it  should  never  be  less  than  minutes. 


A.  one 

B.  two 

C.  five 

D.  ten 

8.  The  blood  and  stain  is  to  be  well  mixed  prior  to  making  smears.  Reticulocyte; 

have  a  _ specific  gravity  than  mature  red  cells  and  therefore 

settle  on  _ of  the  red  cells  in  the  mixture. 

A.  low,  top 

B.  high,  bottom 

C.  low,  bottom 

D.  high,  top 

9.  High  concentrations  of  _____________  in  the  blood  causes  the  reticulocytes  in 

to  be  poorly  stained. 

A.  water 

B.  crystals 

C.  glucose 

D.  red  cells 

10.  Howell- jolly  bodies  appear  as  deep-purple-staining  structures  and  Heinz 
bodies  stain  a  light _ and  are  usually  present  at  the  peri¬ 

pheral  edge  of  the  red  cell. 

A.  bluish-purple 

B.  reddish-pink 

C.  blue-green 

D.  purplish-blue 
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TASK’  PERFORM  BLEEDING  AND  CAPILLARY  COAGULATION  TIMES 
*  (HIGH  TECH) 


P(  IRPOSE'  THE  BLOOD  COAGULATION  MECHANISM  IS  COMPLICATED  AND  INVOLVES  MANY 

FACTORS  KNOWING  WHICH  FACTOR  IS  NOT  PERFORMING  ITS  PROPER  FUNCTION 
IS  OF  CRITICAL  IMPORTANCE  TO  THE  PHYSICIAN.  THIS  KNOWLEDGE  IS 
GAINED  THROUGH  THE  USE  OF  SEVERAL  DIFFERENT  LABORATORY  TESTS. 

THIS  LEARNING  GUIDE  WILL  ASSIST  YOU  TO  PERFORM  BLOOD  COAGULATION 

TESTS . 


MEDICAL  ASSISTING 


emr 
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LEARNING  CONTRACT  (optional) 


2a.  INTERMEDIATE  OBJECTIVE(s) 


1.  Describe  bleeding  and  capillary  coagulation  times. 

2.  Perform  bleeding  and  capillary  coagulation  times. 
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/INTERMEDIATE  OBJECTIVE 


#1 


DESCRIBE  BLEEDING  AND  CAPILLARY  COAGULATION  TIMES, 
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JOB  SHEET 


530-001-002 

"REVIEW  BLEEDING  AND  COAGULATION" 


SELECT  THE  BEST  ANSWER. 

1.  The  mechanism  of  coagulation  takes  place  in  three  major  steps:  1) 
formation  of  thromboplastin,  2)  the  formation  of  thrombin,  and  3) 
of: 

A.  fibrinogen. 

B.  fibrin. 

C.  prothrombin. 

D.  coagulant. 


4 


The 

the  formation 


In  severe 


disease  a  moderate  lowering  of  the  plasma 


fibrinogen  level  may  occur,  although  rarely  to  the  degree  where  hemorrhage 


occurs . 

A. 

liver 

B. 

spleen 

C. 

gallbladder 

D. 

pancreas 

is  synthesized  by  the  liver  through  the  action  of 
Vitamin  K  and  converted  to  thrombin  by  the  enzymatic  action  of  thromboplastins. 


A. 

Fibrinogen 

B. 

Prothrombin 

C. 

Calcium 

D. 

Fibrin 

thromboplastin  is  used  to  designate 

thromboplast ic  reagents  that  are  found  to  clot  hemophilic  plasma  less  rapidly 

than  normal  plasma  whereas  _  thromboplastin  is  able  to 

produce  clotting  as  rapidly  with  hemophilic  plasma  as  with  normal  plasma. 

A.  Complete,  partial 

B.  Partial,  complete 

C.  Synthesized,  manufactured 

D.  Converted,  produced 

Clot-accelerating  activity  of  injured  tissues  has  the  name  factor  _ . 


A. 

II 

B, 

III 

C. 

IV 

D. 

V 

W' 

_ y 
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PERFORM  BLEEDING  AND  CAPILLARY  COAGULATION  TESTS. 


JOB  SHEET 

530-002-001 


’’PERFORM  BLEEDING  AND  CAPILLARY  COAGULATION  TIMES” 


BLEEDING  TIME 
(DUKE  METHOD) 


To  do  this  exercise, 
Prin.-  Bleeding  tine 
i:ud  the  cessation  of 


you  should  wo:.  . 
is  the  tine  e.i 
bleeding . 


in  pairs. 

'.ed  betveen  the  puncture  of 


the  finger 


1.  To  learn  and  develop  proper  techniques  of  doing  bleeding  tine. 

2.  To  note  the  time  required  for  a  smell  cut  to  stop  bleeding. 
M/.TERIALS : 

1.  Piece  of  filter  paper 

2.  Watch  with  a  second  hand 

3.  Materials  for  finger  puncture: 

a.  Gauze  pads 

b.  Alcohol  sponge 

c.  Sterile  blood  lancets 


PI’OCCDURE: 


Thoroughly  cleanse  the  ball  of  the  patient's  middle  finger  with 
alcohol  sponce  and  drv  it  off. 

Using  a  sterile  blood  lancet,  make  a  finger  puncture  deep  enougr 
to  insure  free  flow  ^nd  quickly  record  the  tine. 


3.  Fold  the  filter  laper  in  half  and  at  exactly  '■<  .:inute  aiuer 

puncturing,  lightly  touch  the  filter  paper  cc  t  le  biooc  cominf, 
out  of  the  puncture. 


i'e;^aot  the  above 


-varv  =5  -ninute  until  blood 


■o  ru; 


the  tine  at  which  blood 


* 

.  ti  ..  • 


aecicu  tin^  nernai.  -  ^  c. 


icur.'i,!  t  e  2 
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JOB  SHEET 

530-002-001  (Cont’d) 
COAGULATION  TIME 
CAPILLARY  METHOD 


To  do  this  exercise,  it  is  best  to  work  in  pairs. 

i‘r-Ln.  -  Coagulation  time  is  the  time  required  for  blood  to  clot  or 
coagulate. 

PURt^QSE: 

1.  To  learn  and  develop  proper  technique  of  doing  coagulation  time 

2.  To  note  the  time  required  for  blood  to  clot  or  coagulate. 


MATERIALS : 

1.  Watch  with  a  second  hand  or  a  stop  watch 

2.  Two  plain  capillary  tubes 

3.  Materials  for  finger  puncture: 

a.  alcohol  sponge 

b.  gauze 

c.  sterile  blood  lancet 


PROCEDURE: 

1.  Thoroughly  cleanse  the  ball  of  the  meddle  finger 
with  alcohol  spot  ge  and  dry  it  ofr 

2.  With  a  sterile  blood  lancet,  make  a  quick  deer  puncture  on  the 
ball  of  the  patirnt ' s  meddle  finger. 

3.  Wipe  off  the  firr.t  drop  of  blood  and  firmly  massage  the  ..inger 
to  produce  a  l?r:._e  rounded  drop  of  blood  and  record  time. 


V  V-»  <-t  ll  V 


•■’uc  one  end  of  the  capillary  tuoe  in  the  ot^ 

the  end  of  the.  caciiiary  tub*^  .-Jr.vri’.jr.rd .  i.. ; 


low  into  the  capillary  tuoe  until  i 


is  luir. 


' ' ' -  r  ’ • '  e ^ u  t  e  an'i  z i r  i  >  r." i .s .  a  — 
to  tat  a  large  r'^ur.ttd  crop  ol  -i- a.  uo  .. . 

tuba  by  repeating  tne  drying,  massagir^  ana  zillia- 


r  c  c . 


Pick  uo 


the  firsu  cau-iliary  tube;  using  both  har.ct  break  the 
capillary  tube  into  2  pieces  bej.ng  careful  r.oL  to  pc..J  tne  tro 
*^3  Coo  •- ^ir 


l.Ov.' 


-  i«  i. 


read-'ik..:  s.roe  of  fihuta  batveen  the  t  or-^-en  cat 


Program 

Task 

Page  b 

V  07.0904 

5  50 

9 / 

PERFORMANCE/PRODUCT  CHECKLIST 


CRITICAL 

iTn-is 
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) 

L 


ITLMS  TO  BE  OBSERVED  OR  CHECKED 


BLEEDING  TIME  (DUKE  METHOD) 


RATING 


YES 


1.  Thoroughly  cleanse  the  ball  of  the  patient’s  middle  finger 
with  alcohol  sponge  and  dry  it  off. 

2.  Using  a  sterile  blood  lancet,  make  a  finger  puncture  deep 
enough  to  insure  free  flow  and  quickly  record  the  time. 

3.  Fold  the  filter  paper  in  half  and  at  exactly  1/2  minute  after 
puncturing,  lightly  touch  the  filter  paper  to  the  blood  coming 
out  of  the  puncture. 

4.  Repeat  the  above  step  every  1/2  minute  until  blood  ceases  to 
flow. 

5.  Record  the  time  at  which  blood  ceases. 


Bleeding  time  normal  -  1  to  3  minutes. 


COAGULATION  TIME  (CAPILLARY  METHOD) 

1.  Thoroughly  cleanse  the  ball  of  the  middle  finger  with  alcohol 
sponge  and  dry  it  off. 

2.  With  a  sterile  blood  lancet,  make  a  quick  deep  puncture  on  the 
ball  of  the  patient’s  middle  finger. 

3.  Wipe  off  the  first  drop  of  blood  and  firmly  massage  the  finger 
to  produce  a  large  rounded  drop  of  blood  and  record  time. 

4.  Put  one  end  of  the  capillary  tube  in  the  drop  of  blood  and  tilt 
the  other  end  of  the  capillary  tube  downward,  allowing  blood  to 
flow  into  the  capillary  tube  until  it  is  full. 

5.  Wipe  off  the  finger  with  a  gauze  and  firmly  massage  the  finger 
to  get  a  large  rounded  drop  of  blood.  Fill  up  a  second  capil¬ 
lary  tube  by  repeating  the  drying,  massaging  and  filling  process^ 

6.  Pick  up  the  first  capillary  tube;  using  both  hands  break  the 
capillary  tube  into  2  pieces  being  careful  not  to  pull  the 
broken  ends  too  far  apart . 

7.  Look  for  a  thread-like  span  of  fibrin  between  the  2  broken  ends. 

TOTAL  POINTS  EARNED  = 


POINTS  NEEDED  FOR  MASTERY  -  4  (6) 

TOTAL  POINTS  POSSIBLE  »  5  (7) 
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1-ach  of  the  questions  or  incomplete  statements  below  is  followed  by 
several  words,  phrases,  or  a  series  of  numbers.  Choose  the  one  which 
best  answers  the  question  or  completes  the  statement  correctly.  Place 
the  letter  associated  with  that  choice  (A,B,C  or  D)  in  the  numbered 
blank  space  on  your  ANSWER  SHEET.  DO  NOT  WRITE  ON  THIS  TEST ! 1 !  To 

master  this  e.xam  you  must  answer  14 _  out  of  _ 15 _ 

items  correctly,  _ 90 _ . 
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SELECT  THE  BEST  ANSWER. 


1. 


thromboplastin  is  used  to  designate  thromboplastic 
reagents  that  are  found  to"clot  hemophilic  plasma  less  rapidly  than  normal 

plasma  whereas  _ ^  thromboplastin  is  able  to  produce 

clotting  as  rapidly  with  hemophilic  plasma  as  with  normal  plasma. 


A.  Complete,  partial 

B.  Partial,  complete 

C.  Synthesized,  manufactured 

D.  Converted,  produced 

2.  The  mechanism  of  coagulation  takes  place  in  three  major  steps.  1)  The 
formation  of  thromboplastin,  2)  the  formation  of  thrombin,  and  3)  the 

formation  of: 


A.  fibrinogen. 

B.  fibrin. 

C.  prothrombin. 

D.  coagulant. 


3.  Excessive  probing  in  venipuncture  causes  tissue  juices  to  be  introduced  into 

the  specimen  (contamination  of  tissue  thromboplastin) .  This  _ _ 

clotting  time. 


A.  alters 

B.  lengthens 

C.  shortens 

D.  changes 


The 


for  routine  screening  of  coagulation  disorders. 


test  is  the  single  most  useful  procedure  available 


A.  Pro-times 

B.  Lee-White 

C.  PTT 

D.  Quick's 


Tn  severe  disease  a  moderate  lowering  of  the  plasma 

fibrinogen  level  may  occur,  although  rarely  to  the  degree  where  hemorrhage 


occurs . 

A.  liver 

B.  spleen 

C.  gallbladder 

D.  pancreas 
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7^0  mechanism  is  the  interaction  of  platelets  ■  y 

thromboplastin ——^prothrombin  ^  thrombin  —^fibrinogen  fibrin. 


A.  bleeding 

B.  coagulation 

C.  agglutination 

D.  hemostatic 

The  two  most  commonly  used  bleeding  time  tests  are  the 
and 


A.  Duke,  Ivy 

B.  Quick,  cuff 

C.  PTT,  Pro -time 

D.  Lee-White,  Mielke 


Factor  I,  _ 

protein,  fibrin. 

AT:  -  -fibrinogen 

B.  prothrombin 

C.  thromboplastin 

D.  calcium 


is  the  soluble  precursor  of  the  clot-forming 


is  synthesized  by  the  liver  through  the  action 
of  Vitamin  K  and  converted  to  thrombin  by  the  enzymatic  action  of  thrombo¬ 
plastins  . 


A.  Fibrinogen 

B.  Prothrombin 

C.  Calcium 

D.  Fibrin 

A  sex-linked  hereditary  coagulation  disorder  is  _ _ _ 

A.  anemia 

B .  hemorrhage 

C.  congenital 

D.  hemophilia 

Clot-accelerating  activity  of  injured  tissues  has  the  name  factor 


A. 

II 

B. 

III 

C. 

IV 

D. 

V 
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is  the  cessation  of  blood  flow  from  an  injured 

Blood  vessel. 


A.  Hemostasis 

B.  Coagulation 

C.  Vasoconstriction 

D.  Agglutination 

test  for  Whole  Blood  Clotting  is  still  used  to 

monitor  heparin  therapy. 


A.  PTT 

B.  Lee-White 

C.  Pro-time 

D.  Titer 


tests  measure  the  time  required 
of  bleeding  after  a  stab  wound  to  a  capillary  bed. 


A.  Clotting 

B.  Prothrombin 

C.  Agglutination 

D.  Bleeding 


for  cessation 


specimens  are  always  run  along  with  the  patient 
specimen  to  ensure  accurate  results. 


A.  Control 

B.  Collected 

C.  Mixed 

D.  Refrigerated 
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TASK:  PREPARE  solutions 


PURPOSE; 

Preparation  of  solutions  requires  strict  adherence  to  specific  sets  of 
instructions.  Instructions  provide  the  reader  with  the  names  of  the 
chemical  ingredients,  the  weights  and  volumes  needed,  and  the  total  volume 
to  which  the  reagent  should  be  diluted.  This  learning  guide  will  assist 
the  student  to  prepare  solutions. 
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LEARNING  CONTRACT  (optional) 


1. 


STUDENT  DATA 


NAME 

_ _  10  hrs. _ _ _ 

LENGTH  OF  CONTRACT  (NORMAL  TIME  IN  HOURS) 


SOCIAL  SECURITY  NUMBER 


2.  TERMINAL  PERFORMANCE  OBJECTIVE 

Given  the  necessary  tools  and  equipment,  prepare  solutions.  To  master  this 
task,  you  must  score  7  out  of  7  (100%:!  on  a  performance  checklist  and 

SCOT©  19  out  of  20  (90%)  on  a  written  evaluation. 


3.  AGREEMENT 

I _ agree  to  complete  the  above  stated  terminal  performance 

reguirement  within  to _ I  further  recognize  that  the  conditions  of  the 

contract  (performance  and  time  agreement)  report  my  ability  to  perform  the  requirements  of  the 
occupation  and  record  my  progress. 


Student's  Signature  Instructor  s  Signature 

(verifies  competency) 
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TABLE  3-8  Representative  conversion  factors  for  cus- 
tomary  and  metric  -nieasuTements  * 


TO  CONVERT  FROM 

TO 

MULTIPLY  BY 

Acres 

Square  feet 

43,560 

Acres 

Square  kilometers 

0.004 

Angstrom  units 

Centimeters 

1  X  10^ 

Angstrom  units 

Nanometers 

0.1 

Centimeters 

Feet 

0.0328 

Centimeters 

Inches 

0.3937 

Feet 

Inches 

12 

Feet 

Meters 

0.3048 

Gallons  (U.S.  liquid) 

Liters 

3.7854 

Gallons  (U.S.  liquid) 

Ounces 

128 

Grams 

Kilograms 

0.001 

Grams 

Pounds 

0.002 

Inches 

Meters 

0.254 

Inches 

Yards 

0.0278 

Liters 

Ounces 

33.815 

Liters 

Pints 

2.113 

Meters 

Feet 

3.2808 

Meters 

Kilometers 

0.001 

Micrograms 

Grams 

1  X  10“^ 

Micrometers 

Angstrom  umts 

10,000 

Micrometers 

Nanometers 

1000 

Poimds 

Kilograms 

0.45 

Pounds 

Grams 

453.6 

Square  meters 

Square  feet 

10.8 

Square  meters 

Square  yards 

1.2 

Yards 

Meters 

0.9 

Yards 

Caitimeters 

91.4 

V^ppnnamate. 


appropriate  factor  to  produce  the  unknown  value  in  the 
needed  unit  For  example,  suppose  we  wanted  to  deter- 
mme  the  number  of  centimeters  in  5  inches.  The  conver¬ 
sion  factor  is  2.54.  Multiply  5  (inches)  x  2.54  to  produce 
12.7  centimeters. 

PREPARATION  OF  SOLUTIONS 

Preparanon  of  soluaons  requires  strict  adherence  to 
specific  sets  of  instrucnons.  Instrucnons  provide  the 
reader  with  the  names  of  the  chemical  ingredients,  the 
weights  or  volumes  needed,  and  the  total  volume  to 
which  the  reagent  should  be  diluted.  Throughout  this 
book  we  shall  refer  to  the  chemical  ingredients  as  re¬ 
agents.  .\s  you  progress  through  Medical  Laboratory 
Skids,  reagent  preparanon  will  form  an  essennal  part  of 
your  trainmg. 

Read  and  follow  the  instrucnons  for  preparmg  re¬ 
agents  carefully.  The  quannnes  of  chemicals  listed  in 


the  order  in  which  some  chemicals  are  added,  and  the 
solvent  used  for  dissolving  or  diluting  are  important  con¬ 
siderations.  Preparation  of  most  solutions  requires  the 
use  of  volumetric  glassware.  This  usually  includes  volu¬ 
metric  pipets  and  volumetric  flasks  or  cylinders. 

Many  of  the  chemicals  used  in  the  laboratory  are 
solids.  These  ingredients  must  be  weighed  in  quantities 
of  grams  (g)  or  milligrams  (mg).  Liquids  are  usually 
measured  by  volume,  in  milliliters  (mi),  deciliters  (dl), 
or  litere  (1).  Only  high-grade  chemicals  should  be  used 
as  reagents  and  they  should  be  obtained  from  a  repu¬ 
table  supplier. 

The  Nature  of  Solutions 

Solutions  used  as  reagents  in  most  clinical  analyses  con¬ 
sist  of  solvents  and  solutes.  Solvents  are  substances, 
usually  liquids,  that  dissolve  a  solid.  Solutes  are  solids 
dissolved  by  solvents.  Distilled  or  deionized  water  is  most 
often  used  as  a  solvent  Tap  water  is  never  used  in  pre¬ 
paring  reagents  because  of  the  impurities  it  may  contain. 
Alcohols,  acids,  and  combinations  of  liquids  are  some¬ 
times  used  as  solvents. 

Some  solutes  dissolve  as  complete  molecules  and 
remain  in  that  state.  Other  solutes,  such  as  salts,  break 
up  into  charged  particles.  These  pamcies  are  called  ions. 
When  sodium  chlonde  (NaCl)  is  dissolv^  in  water  it 
dissociates  into  charged  parades.  Sodium  (Na’')  and 
chlonde  (Cl“)  ions  are  formed. 

Solutes  ±at  ionize  in  soluaon  are  called  electro¬ 
lytes.  Solutions  of  electrolytes  can  conduct  electncity. 
The  behavior  of  ±ese  soluaons  is  different  from  solu- 
aons  whose  solutes  remain  m  the  molecular  state. 

Some  of  the  soluaons  prepared  for  laboratory  use  are 
easily  made  by  dissolvmg  one  or  more  solids  in  a  liquid. 
Occasionally  one  or  more  liquids  must  be  diluted  with 
another  liquid.  More  complicated  soluaons  require  heat¬ 
ing,  adjustment  of  pH,  and  addiaonal  steps  such  as 
refiuxmg  or  disollaaon. 

Saturated  solutions  contam  as  much  solute  as  can 
be  held  in  soluaon.  When  a  soluaon  is  saturated,  e.\cess 
amounts  of  solute  will  settle  out  of  soluaon  and  remain 
on  the  bottom  of  the  vessel. 

ColUndal  solutions  are  soluaons  m  which  the  soiute 
parades  are  atomic  or  molecular  in  size,  but  lignc 
enough  to  remam  in  suspension.  Colloids  cannot  be 
filtered.  Some  substances  are  present  m  biological  fluios 


Taken  from:  Medical  Laboratory  Skills,  by  Wittman  5  Thomas 
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as  colloidal  suspensions.  Reagents  someomes  used  in 
tne  laboratory  are  colloidal  soluaons. 

Types  of  Solutions 

The  soluaons  used  In  most  laboratory  procedures  do  not 
require  the  writing  of  chemical  equaaons  for  their  prepa- 
raaon.  The  ability  to  perform  mathemaacal  calculations 
and  some  understanding  of  valence  is  necessary. 

Soluaon  concentraaons  are  expressions  of  the 
amounts  of  substances  m  soluaon.  The  expression  of 
concenaraaon  is  alwavs  m  relaaon  to  the  volumes  or 
masses  of  other  parts  of  the  soluaon.  One  method  of 
e.xpressing  soluaon  concentration  is  to  indicate  the 
concentraaon  in  amounts  that  react  chemically.  Molar 
soluaons  and  normal  soluaons  are  expressions  of  con- 
ceno^on  in  chemical  terms. 

Molar  Solutions 

Molanty  is  the  number  of  gram  molecular  weights 
of  a  compound  per  liter  of  solution.  TTus  concentraaon 
mav  also  be  expressed  as  the  number  of  moles  per  liter  of 
soluaon.  The  molecular  weight  expressed  in  grams  is 
equal  to  one  mole  of  the  compound. 

The  molecular  weight  is  computed  by  first  calcu- 
lanng  the  atomic  weights  of  ail  the  elements  in  the  com- 
pound.  This  informaaon  can  be  obtained  easily  by 
looking  at  a  table  of  atomic  weights  m  a  chemistry  texL 
The  molecular  weight  is  determined  by  adding  the 
waghts  of  ail  the  atoms  contamed  in  a  compound. 

The  correct  formula  of  the  compound  must  be 
known.  This  informaaon  is  pnnted  on  reagent  bottles  or 
It  mav  be  found  in  a  handbook  of  chemistry.  The  number 
0!  moles  can  be  determmed  by  dividing  the  number  of 
?rsms  of  the  compound  present  by  the  molecular  weight 
in  grams. 

EXAMPLES 

1-  The  formula  for  hvdrochionc  aad  is  HCL  This  mdi- 
cates  that  hydrochionc  aad  contams  1  atom  of  hydrogen 

1  atom  of  chiorme.  The  gram  molecular  weight  is 
sQual  to  the  sum  of  the  atomic  weights. 

H  =  1 
Cl  =  35.5 

Gram  molecular  weignt  =  36.5  g 


One  mole  of  hydrochionc  acid  weighs  36.5  g.  A  1 
molar  fM)  soluaon  contams  36.5  g  of  HCl  per  liter. 

2.  The  formula  for  sodium  carbonate  is  Na^CO,.  This 
indicates  that  sodium  carbonate  contams  2  atoms  of 
sodium.  1  atom  of  carbon,  and  3  atoms  of  oxvgen.  The 
gram  molecular  weight  is  determmed  m  a  similar  wav  to 
that  of  HCl  in  example  1. 

2  Na  =*  23  X  2  =  46 

1C  =  12  X  1  =  12 

3  0  =  16  X  3  =  48 
Gram  molecular  weight  =  106  g 

One  mole  of  sodium  carbonate  weighs  106  g.  .A  LVf 
soluaon  contams  106  g  of  Na.COa/liter. 

For  practical  purposes  It  is  not  always  necessary  to 
prepare  soiuOons  m  liter  quanaaes.  The  snident  should 
realize  that  it  is  sometimes  necessary  to  scale  down  the 
quandnes  used  or  to  use  multiple  quanaaes  for  greater 
volumes. 

The  following  formulas  may  be  used  to  calculate 
molarity: 

Moiantv  =  of  grams  of  solute 

molecular  weight  m  grams 

^ _ 1 _ 

liters  of  soluaon 

Subsatudon  and  rearrangement  gives  us 

.Moiantv  =  ^^niber  of  moles  of  solute 
liters  of  soluaon 

Normal  Solutions 

It  is  often  necessary  to  make  a  comaanson  of  soiu- 
Qon  strengths.  When  this  is  desirable,  the  soiuaon  con¬ 
centraaons  should  be  expressed  in  terms  of  normauty. 
Normality  requires  an  unaerstanaing  of  eauivaients  ana 
equivalent  weights. 

Normality  desenbes  the  number  of  eouivaient 
weights  per  liter  of  soiuaon.  .Normal  soluaons  are  also 
cailea  eouivaient  solutions.  .An  eouivaient  weight  is  tne 
weignt  in  grams  of  a  suostance  that  \viiJ  replace  one 
gram  atomic  weight  ( atomic  weignt  in  grams )  of  hvdro- 
gen  ions  CH*'. 
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PROCEDURE  Fill  the  buret  above  the  zero  mark, 
and  adjust  the  meniscus  to  exacdy  zero  by  manipulat¬ 
ing  the  stopcock.  The  tip  of  the  buret  must  be  com¬ 
pletely  filled  and  free  of  trapped  air  bubbles  or  plugs. 
For  the  dtradon  of  samples  the  following  procedure 
should  be  used: 

1.  Using  a  volumetric  pipet,  carefully  pipet  the  solu- 
Qon  to  be  titrated  Into  an  Eiienmeyer  flask, 
i  Add  the  required  amount  of  Indicator. 

3.  Add  the  arrant  from  the  buret  to  the  soiudon  in 
the  flask  by  mampuiaong  the  outflow  of  dtrant  with 
the  stopcock. 

The  procedure  for  manipulating  the  buret  stop¬ 
cock  is  somewhat  awkward  at  first.  A  right-handed 
person  must  use  the  left  hand  for  this  operation.  The 
thumb  and  index  finger  are  usually  used.  The  solution 
in  the  flask  is  mixed  by  swirling  with  the  right  hand. 
The  meniscus  must  be  adjusted  to  zero,  and  this  read¬ 
ing  should  be  recorded  be&ee^jt^ting  the  dtradon. 

4.  Add  the  atrant  in  rapid  (frops  As  the  end  point 

is  approached,  add  only  pordons  of  a  drop.  Diis  is 
called  srpLittxng  drops. 

5.  Titrate  to  the  appearance  of  a  faint,  but  lasting  color. 
This  procedure  should  be  followed  unless  specific 
instrucdons  indicate  otherwise 

6.  Record  the  buret  reading.  (See  Fig.  3-2.) 


It  is  sometimes  advisable  to  waste  one  sample  so 
the  approximate  end  point  may  be  determined.  Two 
samples  should  be  dtrated  and  the  average  of  the  two 
should  be  used  to  calculate  the  concentration  of  the 
sample.  Upon  compleaon  of  the  atraoon.  the  buret 
should  be  rmsed  well  with  tap  water  and  then  with  dis- 
ailed  or  deionized  water. 

QUAUrr  CONTROL 

Climcal  laboratory  tests  must  be  precise,  accurate, 
and  reliable  to  be  useful  in  diagnosmg  disease.  By  pre¬ 
cise.  we  mean  each  test  result  must  be  exact,  cleaiiy 
stated,  and  well  defined.  To  be  accurate,  each  test  result 
must  be  free  from  error.  Results  are  reliable  if  they  can 
be  repeated  with  the  same  degree  of  precision  and 
accuracy  ame  after  ame. 

•All  test  results  are  variable  to  some  degree.  The 
degree  of  acceptable  variation  from  the  normai  value  is 
based  mainly  on  staosncs.  When  much  inicirmanon 


FIGURE  3-2.  Technique  for  usmg  a  buret  for  atranon.  .Manip¬ 
ulate  the  stopcock  with  one  hand  while  gendy  mixing  the 
solution  contained  within  the  flask  with  the  other  hand. 

is  assembled  about  a  pamcular  physiological  pattern, 
it  is  possible  to  determme  a  smiable  range  of  normal 
and  abnormal  values.  One  aspect  of  quality  control  is 
to  make  sure  that  the  source  of  test  result  variability 
is  due  to  pathology  and  not  a  problem  in  the  design, 
applicaaon,  or  performance  of  the  procedure. 

Assessment  of  accuracy  is  another  major  concern 
of  quality  control.  We  have  seen  that  vanabiiity  of 
physiological  systems  provides  no  absolute,  correct 
values  for  measurements  made  in  the  laboratory.  Ac¬ 
curacy  can  be  determined  by  comparing  trie  results 
obtamed  on  the  same  sample  by  another  equally  com¬ 
petent  and  expenenced  worker. 

Accuracy  can  also  be  determmed  by  comparing 
the  value  of  a  standard  and  previously  known  sample 
against  results  obtamed  by  the  worker  when  usmg 
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(uo  liquids.  The  conceniraaon  is  expressed  as  milli- 
liters  per  unit  volume  of  solution.  Volume  per  umt 
volume  IS  denoted  as  milliliters  per  (mlyml) 

or  milliliters  per  liter  (ml/l). 

EXAMPLE  Prepare  500  mi  of  aceac  add  with  a  con- 
cencraaon  of  0.25  mi/ ml  A  simple  propomon  may  be 
used  to  solve  this  problem,  as  follows: 

0.25  ml  ^  X  mi 
1  mi  500  mi 
X  =  125  mi 

Thus  125  mi  of  aceac  aod  is  measured  and  diluted 
to  a  hnal  volume  of  500  mL 

Weight/weight  is  an  expression  of  concentration 
that  IS  seldom  used.  Whenever  solid  chemicals  are 
mixed  or  diluted  with  other  solids  this  notation  is  mdi- 
cated.  Weight  per  umt  weight  is  expressed  as  milli¬ 
grams  per  milligram  (mg/mg)  or  grams  per  gram  (g/g). 


Procedures  and  the  Preparation  of  Reagents 

Commeroaily  prepared,  preweighed  pacicages  of  soiu- 
uons  are  finding  widespread  use  in  the  laboratory. 
These  solutions  are  highly  recommended  for  labora- 
cones  that  use  automated  procedures.  Consumpnon  of 
reagents  m  these  laboratones  is  far  greater  than  in 
those  that  use  manual  procedures.  The  dme  saved  in 
reagent  preparanon  probably  offsets  the  cosl  Yet  stu¬ 
dents  must  realize  that  even  with  the  use  of  commer- 
ciailv  prepared  reagent  packets,  some  reagents  will 
soli  have  to  be  prepared. 

Oniv  chemicals  of  the  highest  degree  of  punty 
snouid  be  used  in  the  ciimcai  laboratory.  Reagents 
designated  as  pure  contain  only  the  compound  de- 
scnbed  with  no  impunaes  used  as  fillers.  AnaLyticai 
reagent  grade  fAR)  compounds  are  of  the  highest 
aegree  of  puntv.  Those  designated  as  American  Chem¬ 
ical  Society  (  ACS)  meet  the  standards  of  the  .‘\mencan 
Chemical  Soaety  for  anaiyucai  grade  reagents.  Chem¬ 
ically  -pure  (  cp)  grane  reagents  have  puntv  that  is  gen¬ 
erally  suitable  for  ciimcai  laboratoiv  purposes.  Look  for 
one  of  these  designations  to  be  sure  of  usmg  suitable 
reagents. 


GENERAL  PROCEDURES  The  basic  charac- 
tensucs  and  hazards  of  reagents  are  aiwavs  printed 
on  contamer  labels.  Proper  and  safe  handling  and  stor¬ 
age  pracaces  should  be  followed  for  chemicals  used 
in  the  laboratory.  The  foilowmg  mdudes  some  funda¬ 
mental  rules: 

1.  Replace  the  covers  of  all  reagent  bottles  promptly 
and  securely. 

2.  Store  dry  chemicals  in  a  cooL  dry  place. 

3.  Score  fiammable  matenais  ui  a  cool  area  removed 
firom  open  flames  or  sparks. 

4.  Handle  voiaoie  substances  and  substances  that  pro¬ 
duce  imtaong  fumes  under  a  fume  hood. 

5.  Dry  substances  that  absorb  moisture  in  a  drying 
oven  or  desiccator  prior  to  weighing.  Failure  to  remove 
this  moisture  will  result  in  an  incorrect  weight 

Quantitative  Transfer 

Precise  weighings  and  measurement^^at  are 
pracnced  m  the  ciimcai  laboratory  require  the  use  of 
the  cechmque  called  quantitative  transfer.  This  tech- 
mque  ensures  that  the  entire  amount  of  substance 
that  is  weighed  or  measured  will  acmaily  be  mcorpo- 
rated  into  the  substance  bemg  prepared. 

The  techmque  of  quanataave  transfer  is  used 
when  a  solid  or  a  liquid  Is  transferred  horn  one  contamer 
to  another  and  is  espeaaily  important  when  dilunon 
to  a  spedfled  vdume  must  be  made. 

Quantitanve  transfer  should  be  peilbrmed  in  a  sec¬ 
tion  of  the  laboratory  that  is  free  horn  pedestrian  traffic 
and  air  currents.  All  glassware  and  matenais  should 
be  assembled.  wash  bottle  should  be  filled  with  the 
appropriate  diluenL 

Chemicals  are  usually  weighed  into  beaxers  or 
onto  weighmg  paper.  The  object  of  penorming  a  quan- 
atanve  transfer  is  to  transfer  the  enure  quanutv  from 
the  weighmg  vessel  or  paper  to  the  flask  for  final  (dis- 
sdunon  and  diluuon. 

Whenever  possible  the  chemical  should  be  mixed 
and  dissolved  m  the  weignmg  vessel.  This  sieo  will 
facilitate  the  transier  to  the  voiumecnc  flasK.  When  a 
glass  snmng  rod  is  used  it  should  remam  wim  the 
weighmg  vessel  until  the  transfer  is  complete. 

The  voiumetnc  flask  should  be  fltteu  wim  a  dean, 
dry  funneL  The  solid  or  dissolved  material  must  oe 
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FIGURE  3-1.  Quanatanve  transfer 
technique,  f  a )  Weigh  reagent, 
(fa')  Empty  the  reagent  usmg  a  funnel 
into  a  volumetnc  hasK  containing  some 
liquid,  (c)  Use  a  wash  bottle  several 
□mes  to  remove  ail  reagent  from  the 
disn.  'd')  Inven  or  shaxe  to  mix.  (Re- 
memoer  to  place  tne  cap  on  the  dasK 
berbre  mixmg.)  (e)  Fill  the  dask  m  the 
caubranon  mane  usmg  more  liquid  and 
mix  agam.  (/)  Pour  me  reagent  soiu- 
aon  mto  me  stock  botde  and  labeL 
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carefully  cransferred,  itntkout  any  Loss,  co  the  funnel  in 
the  tiask.  With  the  lip  of  the  beaker  held  in  place  at 
tne  funneL  carefully  nnse  the  mside  of  the  beaker  with 
small  pomons  of  diluent  using  a  wash  bottle. 

Repeat  this  procedure  approximately  five  times,  or 
until  all  visible  evidence  of  the  solid  is  gone.  Add  ail 
nnsmgs  to  the  volumetr.c  flask-  Rinse  the  funnei  with 
the  diluent  and  remove  it  .Tom  the  flask.  Add  a  suffic  lent 
amount  of  diluent  to  the  .iask  to  bnng  about  dissolu¬ 
tion  of  the  solid.  Be  sure  that  ill  of  the  solid  is  dissolvec. 
dlow  for  cooling  to  room  temperature  if  heat  is  evolved 
or  applied  durmg  the  process. 

Add  diluent  to  withm  one  inch  of  the  calibration 
mark.  Carefully  add  additional  diluent  to  adjust  the 
level  of  liquid.  The  bottom  of  the  meniscus  must  be 
exactly  even  with  the  calibration  mark.  Stopper  the 
flask  and  inven  it  several  times  to  mix  the  contents. 
(See  Fig.  3-1.) 


TITRATION 

Climcal  laboratory  methods  fiiequendy  require  that  the 
concentranon  of  substances  be  determmed  usmg  vol- 
umetnc  techniques.  Such  procedures  are  used  to  cal¬ 
culate  the  volume  of  a  reagent  solution  needed  to  react 
w  ith  a  spedflc  volume  of  a  sample.  The  sample  may 
be  a  biological  fluid  or  an  extract  of  a  biological  fluid. 
Sometimes  the  sample  is  simply  another  reagent  The 
techmque  that  may  be  used  for  this  process  is  titration. 

Concept  of  Titration 

Titraaon  requires  the  addiaon  of  a  soluaon  of  known 
concentraaon.  called  a  standard,  to  an  accurately 
measured  volume  of  sample.  The  reagent  or  standard 
IS  added  dropwise.  usually  from  a  buret  unol  a  sudden 
cnanee  is  noaced  in  the  appearance  of  the  soiuoons 
oeing  mixeo. 

The  change  may  be  mdicated  by  the  appearance 
01  a  precipitate.  If  a  chemical  indicator  is  used  a  color 
cnange  will  ocqur.  A  precise  change  in  pH  is  some- 
umes  reouired  mat  can  be  momtored  with  a  pH  meter. 
^Vhen  a  noaceaole  change  occurs,  the  end  point  of 
me  reacaon  has  oeen  reached  and  the  desired  concen- 
Taaon  determmed.  End  pomts  must  be  approached 
careful! v  to  avoid  overatrating. 


TABLE  3-9  Chemical  indicators  used  in  the  clinical 
laboratory  for  titration 


INDICATOR 

pH  RANGE 

COLOR  CHANGE 

ACID 

ALKAUNE 

Topfer’s  reagent 

2. 8-4.0 

Red 

Yellow 

Congo  red 

3. 0-5.0 

Blue 

Red 

Methyl  orange 

3. 1-4.4 

Red 

Yellow 

Phenol  red 

6.8-8.4 

Yellow 

Red. 

Phenolphthalem 

8.3-10.0 

Colorless 

Red 

Concentraaons  of  standard  soiuaons  are  usually 
expressed  m  normality,  and  the  concentraaon  of  the 
sample  soluaon  may  then  be  directly  compared  and 
calculated.  Titranon  is  frequendy  used  in  the  prepara¬ 
tion  of  various  reagents  and  in  some  climcal  procedures 
described  in  other  sections  of  this  book. 

Selection  of  indicators  ^ 

The  end  pomt  of  a  atradon  reacaon  is  often  determined 
by  usmg  a  chemical  indicator.  Indicators  are  usually 
weak  acids  or  weak  bases  that  ionize  to  form  a  color 
different  from  the  undissociated  (not  ionized)  form. 
Chemical  indicators  respond  to  changes  in  hydrogen 
ion  concentration  and  therefore  detect  changes  in  so¬ 
lution  pH. 

The  choice  of  which  indicator  to  use  for  a  specific 
procedure  will  require  a  thorough  knowledge  and 
understanding  of  the  pH  range  present  at  the  end  point 
of  the  reacaon.  The  methodologies  suppued  for  labora¬ 
tory  procedures  usually  list  the  mdicator  to  be  used 
and  the  end  pomt  to  be  expected  (See  Table  3-9.  / 

Procedures 

A  clean,  calibrated  buret  or  similar  device  must  be  used. 
The  buret  and  its  capiilarv  ap  must  be  free  from  cracks 
and  chips.  During  the  atraaon  procedure  a  buret  ciamp 
and  stand  are  used  to  secure  the  burec  The  buret  stop¬ 
cock  must  turn  easilv  and  smoothlv. 

Pnor  to  usmg  the  buret  it  must  be  nnsea  weil  with 
the  soluaon  that  it  will  contam.  This  soluaon  is  caiiea 
the  titrant.  Rinsmg  can  be  done  easilv  bv  filling  the 
buret  and  allowmg  the  atrant  to  dram.  This  process 
should  be  repeatea  several  times.  The  rmse  soiuaon 
should  aiwavs  be  discarded. 
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The  equivalent  weight  of  a  compound  is  detennined 
by  first  computing  the  gram  molecular  weighL  The  gram 
molecular  weight  must  then  be  divided  by  the  valence  of 
the  positive  ion(s)  in  the  compound.  Other  useful  terms 
that  describe  normality  Include  milliequivalents  per  liter 
•  (meq/l)  or  milliequivalents  per  milliliter  (meq/ml). 

EXAMPLES 

1.  The  formula  for  potassium  chloride  is  KCl.  This  com¬ 
pound  ionizes  in  soluaon  to  form  1  K’’'  (potassium  ion) 
and  1  Cl"  (chloride  ion).  The  posmve  valence  is  ^  1.  The 
equivalent  weight  for  this  compound  is  equal  to  the  mo¬ 
lecular  weight,  as  follows: 


and  diluted  to  100  ml  The  concentration  is  expressed 
as  milligrams  percent  (mg%).  This  notadon  is  fre- 
quendy  used  to  express  the  concentradon  of  standard 
solutions.  The  more  current  notadon,  milligrams  per 
deciliter  (mg/dl),  is  replacmg  milligrams  percent 

EXAMPLES 

1,  50  mi  of  hydrochloric  acid  (HCl)  is  diluted'  to  100 
mi  in  a  volumetric  flask.  What  is  the  concentranon  in 
percent? 


50  mi 
100  mi 


100  =  50% 


,  molecular  weight 
Equivalent  weight - - - 

2.  The  formula  for  sulfuric  aad  is  H,S04.  This  com¬ 
pound  ionizes  in  solution  to  form  2H'*’  and  1  complex 
sulfate  ion  (SO^)". 

The  total  positive  charge  on  this  molecule  is  2. 
The  eqmvaient  weight  for  sulfunc  acid  is  equal  to  the 
molecular  weight  divided  by  2. 

The  following  formulas  may  be  used  to  calculate 
normality: 


Normality  = 


number  of  grams  of  solute 
gram  molecular  weight/ 
total  posmve  charge 


_ 1 _ 

liters  of  soluaon 


Subsamaon  and  rearrangement  gives  us. 


Normality  = 


equivalents  of  solute 
liters  of  soluaon 


Percent  Solutions  (%) 

Percent  solutions  are  an  expression  of  concentra- 
aon  as  parts  per  hundred.  Solid  or  liqmd  chemicals 
mav  be  used  for  the  preparaaon  of  percent  soiuaons. 
When  the  solute  is  a  solid,  the  percent  soluaon  denotes 
grams  or  solute  per  100  mi  of  soluaon  (g/ 100  mi).  When 
a  liquid  chemical  is  used,  the  percent  soluaon  denotes 
milliliters  per  100  mi  of  soluaon  (mi/ 100  mi). 

Some  solids  are  weighed  m  milligram  quanaaes 


2.  40  g  of  sodium  chloride  (NaCl)  is  diluted  to  250  ml 
What  is  the  concentration  in  percent?  A  simple  pro¬ 
portion  may  be  used  to  solve  this  problem,  as  follows: 


40  gm  _  X  gm 
250  mi  “  100  mi 
250x  =  4000 


X  =  16% 


Weight/Volume  Solutions 


These  soiuaons  are  an  expression  of  concentranon 
as  the  amount  of  solute  per  umt  volume.  This  notadon 
is  used  when  a  solid  is  dissolved  and  diluted  in  a  liquid. 
Weight  per  umt  volume  is  expressed  as  grams  per  liter 
( e/1)  or  miilierams  per  miiliiiter  (mg/ mi). 


4 


EXAMPLE 

Prepare  200  mi  of  a  soluaon  containmg  25  mg/ mi. 
This  problem  may  be  solved  by  using  a  simple  pro- 
poraon: 


25  mg  _  X  mg 
1  ml  200  mi 

X  =  5000  mg  or  5  g 

Thus  5  g  of  the  solute  is  weighed  and  dilutea  to 
200  mi  in  a  voiumetnc  flask. 

Volume/Volume 

.Another  type  of  soluaon.  volume/ volume,  is  an 
expression  of  concentranon  used  for  the  diiuaon  of 

_ 4 
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:nji  standard  in  the  dizucai  procediire.  We  niay  assume 
;njt  tne  values  of  all  unknown  samples  are  free  frnm 
error  if  results  from  cesong  the  standard  conform  to 
ii>  expected  value. 

There  is  a  dfrect  reiaaonship  between  the  relia- 
hiiitv  of  laboratory  test  results  and  the  techmcal  com¬ 
petence  and  experience  of  the  staff.  Many  sources  of 
error  are  traceable  to  worker  carelessness,  either  sloppy 
oroceoure  or  mcorrect  use  of  equipment,  supplies,  and 
•■•taeents.  Other  sources  of  error  include  defective 
eouipment  and  incorrect  paaent  idennhcaaon  and 
rroorung. 

Worker  Carelessness 

A  major  source  of  ennr  in  the  dlnical  laboratory  Is 
worker  carelessness,  which  can  develop  in  even  the 
most  highly  tramed  individuals. 

Performance  of  routine  procedures  over  a  long 
period  of  time  can  lead  to  monotony  and  overconfrdence. 

hen  we  become  overconfident,  we  tend  to  rely  more 
upon  memory  than  upon  prmted  procedures.  Distrac- 
uon  and  boredom  frequently  cause  careless  habits  to 
develop.  All  laboratory  workers  must  avoid  these  pit- 
tolls  and  attempt  to  maintain  work  habits  and  attitudes 
mat  prevent  these  weaknesses  from  developing. 

Devianons  from  proven  procedures  and  unortho¬ 
dox  innovaoons  are  probably  the  most  common  exam¬ 
ples  of  worker  carelessness.  Laboratory  data  must 
be  recorded  as  it  is  collected.  Do  not  rely  on  memory. 
Perform  mathemancal  calculaaons  carefully,  avoid 
ame  pressures,  and  always  double  check  your  work. 

Detective  Equipment  and  Supplies 

\U  laooraiorv  workers  have  the  responsibility  of  usmg 
vouiomeni  and  supplies  that  are  free  of  defects.  Fre¬ 
quent  inspecnon  of  equipment  and  supplies  should 
oe  made.  iNewiy  received  materials  should  be  inspected 
tor  defects  in  workmanship  and  design.  It  is  not 
uncommon  in  this  age  of  mass  producnon  to  receive 
eouipment  that  is  defecuve  m  one  way  or  another. 
Defects  can  also  develop  durmg  shipment  and  handling. 

Pipeis  and  voiumemc  glassware  should  be  m- 
spectea  and  checked  pnor  to  their  use.  Pipets  with 
broken  or  chipped  ops  must  be  discarded.  Check  bot- 
tiea  reagents  for  expiranon  date  and  breakage. 


Electromc  equipment  should  be  tested  and  cab- 
brated  pnor  to  actual  use.  Most  manufacturers  provide 
detailed  mstrucnons  for  the  cabbraaon  of  their  mstru- 
ments.  Replace  broken  or  damaged  parts  and  keep  a 
supply  of  spare  parts  on  hand. 

Use  of  Uncalibrated  Instruments  or  Glassware 

Ab  glassware  used  for  cbiuong  or  prepanng  reagents 
and  measunng  samples  must  be  cabbraied.  .Analvacal 
results  depend  upon  exact  quanaaes  or  aliquots.  An 
abquot  is  a  carefuby  measured  sample  that  is  con¬ 
sidered  representanve  of  the  entire  specimen.  Use  of 
uncabbrated  glassware  or  equipment  in  anaiyucai  work 
wib  lead  to  errors  and  yield  unreliable  results. 

Incorrect  Use,  Formulation, 
or  Contamination  of  Reagents 

Laboratory  tests  require  specific  matenais  and  reagents. 
The  reagents  used  must  be  prepared  according  to  spe¬ 
cific  instrucnons  and  techmques.  Some  reagents  may 
be  used  for  more  than  one  test  Others  are  highly  spe¬ 
cialized-  and  their  use  is  unique  for  dececnon  of  certain 
substances. 

Careful  attenaon  must  be  given  to  the  ingredients 
that  go  mto  the  formuiaaon  of  reagents  and  to  the  m- 
strucnons  for  their  preparaaon.  Each  consntuent  has 
been  selected,  and  the  quannty  necessary  for  reacnon 
has  been  determined  on  the  basis  of  scientific  prmcipies 
and  research.  Accuracy  wib  be  affected  by  improperiv 
prepared  reagents.  Chemical  reacnons  may  not  occur  or 
they  may  not  proceed  to  compienon. 

Reagents  of  the  correct  concentranon  must  be 
used,  and  these  reagents  must  be  added  to  a  reacnon 
mixture  in  a  specific  order.  Desired  reacnons  mav  also 
depend  upon  the  mixture’s  bemg  at  a  specific  pH. 

Reagents  used  in  cbmcai  tests  must  aiwavs  be 
free  of  contammanon.  Check  for  bactenai  contamma- 
Qon  m  bquid  reagents.  Turbidity  ( cloudiness )  is  a  sign 
of  bactenai  growth.  Drv  reagents  must  be  inspected 
for  contammanon  bv  moisture  and  aetenoranon  caused 
bv  heai.  Reagents  must  oe  pure  ana  uncontammatea 
by  other  laboratory  substances.  .Aiwavs  use  clean  con- 
tamers  to  prepare  and  store  reagents,  ana  provide 
complete  laoeis  for  each  of  these  contamers. 
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Incorrect  Pativit  Identification  and  Reporting 

One  of  the  greatest  responsibilities  facing  laboratory 
staff  inenibers  is  proper  identiflcanon  of  panents,  cheir 
specimens,  and  their  laboratory  reports.  Misidendfi- 
cadon  of  padents  and  their  results  may  cause  the  death 
or  discomfort  of  a  padenL  Mismatched  blood  trans¬ 
fusions  may  be  given  accidentally,  treatments  may 
be  withheld,  or  unnecessary  treatments  may  be  ad¬ 
ministered. 

Idenoficadon  systems  used  in  the  laboratory  should 
be  dearly  understood  by  all  workers.  Frequendy  used 
systems  may  vary  siighdy  horn  one  insdtudon  to  an¬ 
other.  Usually  an  identifying  number,  such  as  the 
padent's  social  security  number,  is  assigned  to  the 
individuaL  Other  informadon,  such  as  date  of  birth, 
sex,  and  address  may  be  encoded.  Whatever  the  num*? 
ber,  it  is.-  unique  and  remains  with  the  padent  for  all 
visits  to  the  insdtudon. 

Hospital  padents  are  usually  assigned  an  idend- 
hcadon  bracelet  and  a  bed  card.  The  laboratory  orth- 
nariiy  follows  directions  written  on  a  laboratory  request 
slip.  All  informadon  on  this  slip  must  be  verified  pnor 
to  collecdon  of  the  specimen.  If  errors  are  discovered, 
the  nurse  in  charge  must  be  contacted  and  asked  for 
verification  of  the  informadon.  Unidentified  or  un- 
labeied  specimens  received  by  the  laboratory  must  be 
returned 

All  equipment  and  supplies  should  be  identified 
and  labeled  at  the  padent's  bedside.  Idendficanon  of 
Infants,  children,  and  foreign-speaking  padents  must 
be  carefully  detenmned  When  in  doubt  about  correct 
idenoficanon.  ask  your  superior.  Never  be  afraid  to 
quesdon  posidve  idenoficanon  of  the  sample. 

Inherent  Limitations  of  Clinical  Tests 

Every  test  performed  in  the  climcai  laboratory  has 
limitations  that  must  be  recognized  Tliese  limitanons 
may  be  based  on  factors  related  to  the  tests  themselves, 
or  to  random  errors  on  the  part  of  the  worker,  the  ma- 
tenais,  or  the  eqmpment.  which  cannot  easily  be  con¬ 
trolled  Laboratory  results  are,  at  best,  estimations. 

One  maior  iiminng  factor  is  the  specificity  of  the 
procedure.  We  may  ask  quesnons:  Is  the  procedure 
measurmg  ail  of  the  desired  substance  present  m  the 
sample?  Is  it  measuring  other  unrelated  compounds 


that  are  present?  How  much  do  other  substances  inter¬ 
fere  with  the  measurement  of  the  desired  substance? 

The  size  of  the  sample  acmaily  used  in  comparison 
with  the  amount  available  may  be  a  source  of  error. 
We  usually  collect  a  sample  of  several  milliliters  of 
blood  for  example,  yet  in  some  instances  only  a  few 
cubic  millimeters  are  analyzed  Is  this  very  small  sample 
rypicai  of  all  the  blood  in  the  body? 

The  use  of  so-called  normal  values,  which  provide 
us  with  a  basis  for  comparison,  is  a  major  concern  to 
some  clinicians.  Some  advocate  the  establishment  of 
normal  values  by  each  laboratory  rather  than  reiymg 
on  a  set  of  normal  values  used  by  all  laboratories  in 
the  country.  Normal  values  depend  upon  the  group 
that  is  sampled  Geographical  location,  patterns  of  liv¬ 
ing,  age  group,  and  the  number  of  people  sampled  are 
all  factors  that  influence  establishment  of  normal 
values.  Locally  obtained  normal  values  may  more 
accurately  reflect  the  results  to  be  expected  from  other 
members  of  that  population. 


Control  Methods 

The  physician  depends  on  the  results  of  climcai  labora¬ 
tory  determinanons  for  the  diagnosis  and  treatment  of 
disease.  Faced  with  this  responsibility,  the  medical 
laboratory  uiiiizes  several  procedures  to  ensure  the 
precision,  accuracy,  and  reliability  of  results. 

One  of  the  simplest  ways  of  checking  reliability 
is  the  use  of  duplicate  analyses.  Limits  can  be  estab¬ 
lished  for  allowable  vanadon.  Values  that  fall  within 
these  allowable  limits  are  acceptable.  Values  that 
exceed  the  acceptable  iiniits  axe  rejected.  These  limits 
are  calculated  by  staosacal  methods. 

Another  means  of  ensurmg  accuracy  of  results  is 
through  the  use  of  control  solutions.  It  is  customarv 
procedure  to  run  low.  normal,  and  high  controls  on 
a  daily  basis.  This  means  that  standard  soiunons  are 
used  chat  have  been  analyzed  previously  and  will  give 
a  range  of  normal  results.  The  controls  are  roucmeiv 
inciudea  and  analyzed  with  the  paaent  samples.  Three 
types  of  controls  are  used:  reagent  blanks,  standara 
soiunons,  and  reference  materials. 

Reagent  blanks  are  usually  run  as  a  means  of  cor- 
reenng  for  color  or  charactensnes  that  might  occur 
as  natural  phenomena  This  may  be  caused  by  men- 


Program 

Task 

Page 

V  07.0904 

555 

INFORMATION  SHEET 

555-001-001  (Cont.) 

’’SOLUTIONSV 


\nduai  reagents  or  an  interacaon  between  the  reagents 
usefl  in  the  test 

Standard  solutions  provide  the  basis  for  com- 
panson  of  test  samples  with  the  pure  substance  under 
invesagaaon.  Standard  soiuaons  are  soiuaons  of  known 
concencraaons  that  enable  us  to  make  our  comparison. 

Reference  matenoLs  are  usually  human  sera  or 
plasma  that  have  been  assayed  by  an  independent 
laboratory  or  analyst.  These  materials  are  often  used 
os  a  control 

The  pnmarv  purpose  of  usmg  a  control  Is  to  check 
reagents,  standards,  techmque,  and  eqmpmenL  Con¬ 
trol  soiuaons  are  subjected  to  the  same  conditions 
and  Seated  with  the  same  reagents  as  the  test  samples. 
The  reliability  of  results  can  be  judged  if  the  “conect” 
value  of  the  control  Is  known.  Controls  are  always  run 
with  each  batch  of  tests. 

Commercially  prepared  controls  are  available. 
These  materials  are  usually  dehydrated  samples  of 
pooled  human  sera  or  plasma.  The  pools  are  assayed 
bv  the  manufecturer,  and  the  values  are  provided  for 
a  variety  of  constituents. 

Since  the  samples  are  taken  bmm  human  pools, 
they  contam  a  variety  of  consatuents.  Each  vial  can 
be  used  for  more  than  one  determination.  The  ranges 
of  acceptable  values  are  supplied  by  the  manufacturer. 
Results  for  control  samples  must  be  within  the  limits 
of  acceptable  value  before  any  test  samples  can  be 
reponed. 

Many  laboratories  prefer  to  prepare  their  ovrn 
control  soiuaons.  This  can  easily  be  done  by  pooling 
ail  leftover  normal  serum  or  plasma  samples.  Several 
liters  are  usually  collected.  Individual  samples  must  be 
preserved  by  treezmg.  The  normal  average  value  is 
determined  by  runmng  approximately  25  individual 
tests  on  a  daily  basis. 

Staasacs  are  used  to  determme  the  expected  range  ■ 
of  values  for  the  controL  A  control  sample  is  then- 
mauded  with  each  batch  of  detemunaaons. 

.\nother  method  of  usmg  controls  is  to  prepare  a 
visual  chart  known  as  a  quality  control  chart.  Accept- 
aoie  limits  are  maicated  on  the  chart  and  it  permits 
immetuate  determinaaon.  bv  visual  means,  as  to 
wnetner  or  not  a  value  is  acceptable.  Trenos  leading 
towara  mcorrect  values  can  be  readiiv  ooserved  and 
possibiv  forestalled.  The  use  of  control  materials  is 
not  limited  to  the  chemistry  iaooratory.  These  items 


are  available  for  unnalysis,  hematology,  bactenoiogy. 
serology,  and  blood  banking. 

Standard  Solutions 

An  essential  part  of  all  laboratory  tests  are  standard 
solutions.  They  provide  a  basis  for  comparison  or  a 
dame  of  reference.  Standards  are  prepared  from  chem¬ 
ically  pure  substances.  They  must  be  accurately 
weighed  and  diluted  to  an  exact  volume.  When  handled 
in  this  way  the  final  concentraaon  is  exact  Volumemc 
glassware  is  used  and  weighmg  is  performed  on  ah 
analytical  balance. 

The  standards  used  in  chemical  analysis  may  be 
obtamed  from  the  National  Bureau  of  Standards.  Cer- 
dficaies  listing  the  purity  of  the  compounds  are  usually 
supplied  with  these  standards.  A  standard  may  be  pre¬ 
pared  as  an  aqueous  solution,  an  intermediate  product, 
or  some  artificial  substance  such  as  a  dye.  Standards 
are  often  processed  in  the  same  way  and  with  the  same 
reagents  as  the  paaent  samples  or  controls.  However 
±ey  are  introduced  into  the  test  svstem,  their  purpose 
is  one  of  comparison  of  test  samples  with  that  of  the 
standard. 

Internal  standards  are  prepared  by  adding  a  known 
amount  of  pure  substance  to  one  of  the  samples  under 
analysis.  This  is  sometimes  done  to  mtroduce  factors 
present  in  samples  that  are  not  present  in  aqueous 
standard  soiuaons. 

Most  standards  are  prepared  m  concentrated  form 
called  stock  standards.  Diluaons  of  the  stock  standard, 
using  quanataave  techmque.  are  used  durmg  analvsis. 
The  diluted  form  of  the  stock  standard  is  called  a  work¬ 
ing  standard.  Quanataave  techmque  must  be  used  m 
handling  ail  standard  materials,  smce  the  results  of 
the  analysis  depends  on  the  standard  concentraaon. 
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"REVIEW  SOLUTIONS" 


Select  the  BEST  answer. 


1.  Preparation  of  solutions  requires  the  use  of  glassware. 

A.  graduated 

B.  volumetric 

C.  serological 

D .  measured 

2.  are  substances,  usually  liquids,  that  dissolve  a  solid. 


A.  Solutes 

B.  Solvents 

C.  Solutions 

D.  Molars 

3.  Solutes,  such  as  salts,  break  into  changed  particles  called 


A.  electrolytes. 

B .  ions . 

C.  molecules. 

D .  atoms . 


4. 


is  the  number  of  gram  molecular  weights  of  a  compound  per  litei^ 


of  solution. 


A.  Solutions 

B.  Suspensions 

C.  Scales 

D.  Molarity 


5.  This  formula  may  be  used  to  calculate  molarity; 


t 


Normality  = 

gram  molecular  weight/total  positive  change 

X 

1 


liters  of  solution 

A.  equivalents  of  solute. 

B.  number  of  grams  of  solute 

C.  number  of  moles  of  solute 

D.  molecular  weight  in  grams 

7.  The  chemical  with  the  highest  degree  of  purity  used  in  the  clinical  laboratory 
is 

A.  chemically  pure. 

B.  analytical  reagent  grade. 

C.  saturated  solution. 

D.  chemical  reagent  grade. 

8.  Some  fundamental  rules  to  follow  when  handling  and  storing  chemicals  include 

replacing  covers,  storing  flammables  in  a  cool  area,  handling  volatile  substances 
under  a  fume  hood,  and  storing  dry  chemicals  in  a  _ place. 

A.  cool,  dry 

B.  wet,  moist  j 

C.  cool,  moist 

D.  flat,  cool 

9.  This  technique  assures  precise _ weighings  and  measurements  that 


are 

practiced  in  the  clinical  laboratory. 

j 

i 

A. 

qualitative  analysis 

1 

1 

B. 

quantitative  transfer 

1 

1 

C. 

pipetting  technique 

1 

1 

D. 

qualitative  transfer 

1 

1 

10.  The  technique  used  to  calculate  the  volume  of  a  reagent  solution  needed  to 
react  with  a  specific  volume  of  a  sample  is 
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All  glassware  used  for  diluting  or  preparing  reagents  and  measuring  samples 
must  be 

A.  pre-examined. 

B.  calibrated. 

C.  non-breakable. 

D.  stored. 

To  insure  liquid  reagents  used  in  clinical  tests  be  free  of  bacterial 
contamination,  check  for  _ ,  a  sign  of  bacterial  growth. 

A.  odor 

B.  moisture 

C.  deterioration 

D.  turbidity 

.  One  of  the  greatest  responsibilities  facing  laboratory  staff  members  is  proper 


of  patients,  their  specimens  and  their  laboratory  reports. 


A.  identification 

B.  recognition 

C.  clarification 

D.  recording 

Several  procedures  ensuring  precision,  accuracy  and  reliability  of  results 
of  clinical  laboratory  determinations  are  duplicate  analysis,  reagent  blanks, 
control  solutions,  reference  materials,  and 

A.  stock  standards. 

B.  quantitative  transfers. 

C.  standard  solutions. 

D.  prepared  samples. 


/ 


LEARNING  STEPS  (Activities) 

1.  Observe  Resource  #1  for  demons tratior 
on  titration  of  samples. 

2.  Practice  preparing  solutions  by 
using  Resource  #2  as  a  guide. 

3.  For  mastery  of  this  task,  complete 
Resource  #3. 

4.  Complete  Resource  #4  for  a  written 
evaluation. 


Proceed  to  Resource  #5. 


RESOURCES 

1.  See  instructor. 

2.  Job  Sheet  555-002-002, 

"Practice  Titration",  page  19 
in  this  learning  guide. 

3.  Performance  Checklist,  pages  20-21 
in  this  -3LG. 

4.  Written  Criterion  Exam,  Task  #555, 
"Prepare  Solutions,"  in  the  LRC. 
See  instructor  for  evaluation. 

5.  See  instructor  for  next  learning 
guide. 
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PERFORMANCE/PRODUCT  CHECKLIST 


Program:  medical  assisting 


Task  No:  sss 

Student’s  Name; _  Date  Of  Attempt; 

Evaluator’s  Name; _ -  Evaluation  Site;  _ 

Performance  Attempt;  12  3  4 


Terminal  Performance  Objective; 


Given  the  necessary  equipment  and  supplies,  prepare  solutions. 


Directions  To  The  Student: 


Before  attempting  this  task  for  mastery,  carefully  review  this  checklist.  You  will  be  eval¬ 
uated  on  the  basis  of  this  checklist.  When  you  feel  you  are  ready  for  evaluation,  contact  your 

instructor.  You  must  complete  your  performance  within - minutes  and  must 

score  at  least _ _ out  of _ points  or _ %  for  mastery.  Critical 

items  are  marked  with  an  asterisk  (*).  These  items  must  be  satisfactorily  completed. 


\ 


Directions  To  The  Evaluator: 

The  student  will  contact  you  when  ready  for  the  evaluation.  The  student  must  complete 

the  performance  within _ minutes  and  must  score _ out  of _ 

points  or _ %  and  all  items  marked  with  an  asterisk  (*)  must  be  satisfactorily 

completed.  ^ 


/ 
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CRITICAL 

ITEIIS 


* 


ITLMS  TO  BE  OBSERVED  OR  CHECKED 


1.  Pipet  with  a  volumetric  pipet  into  an  Erlenmeyer  flask. 

2.  Add  the  required  amount  of  indicator. 

3.  Add  the  titrant  from  the  buret  to  the  solution  in  the  flask 
by  manipulating  the  buret  stopcock. 

4.  Add  the  titrant  in  rapid  drops  at  first. 

5.  As  end  point  is  approached,  add  only  prtions  of  a  drop. 

6.  Titrate  to  a  fast,  but  lasting  color. 

7.  Record  the  buret  reading. 


TOTAL  POINTS  EARNED  =» 


POINTS  NEEDED  FOR  MASTERY  - 
TOTAL  POINTS  POSSIBLE 
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MEDICAL  ASSISTING 


CRITERION  HXAM 


CASK 


555 


niRECTIONS: 

11II-.  PURPOSE  01-  THIS  EXAM  IS  TO  DETERMTNii  WHIiTHER  OR  NOT  YOU  HAVE 
UNDERSTOOD  THE  INFOIWATION  ON  PREPARING  SOLUTIONS. 


Each  of  the  questions  or  incomplete  statements  below  is  followed  by 
several  words,  phrases,  or  a  series  of  numbers.  Choose  the  one  which 
best  answers  the  question  or  completes  the  statement  correctly  Place' 
the  letter  associated  with  that  choice  (A.B,C  or  D)  in  the  numbered 
blank  space  on  your  ANSWER  SHEET.  DO  NOT  WRITE  ON  THIS  TEST! ! !  To 
master  this  exam  you  must  answer  19  out  of  20 

90 


items  corrective, 


0, 

0 
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"PREPARE  SOLUTIONS" 

Select  the  BEST  answer. 


1.  Solutes,  such  as  salts,  break  into  changed  particles  called 


A.  electrolytes. 

B .  ions . 

C.  molecules. 

D .  atoms . 


The  chemical  with  the  highest  degree  of  purity  used  in  the  clinical 
laboratory  is 


I 


o  n 


evaluation  sheet 

WRITTEN  CRITERION  EXAM  (Cont.) 
7.  This  formula  may  be  used  to  calculate  molarity: 

Molarity  =  number  of  gr^s  of  solute 
molecular  weight  in  grams 

X 


A.  liters  of  solution. 

B.  gram  molecular  weight, 

C.  liter  quantities. 

D.  equivalent  weights. 


This  technique  3.ssures  precise 

are  practiced  in  the  clinical  laboratory. 


_weighings  and  measurements  that 


A. 

B. 

C. 

D. 


qualitative  analysis 
quantitative  transfer 
pipetting  technique 
qualitative  transfer 


To.  insure  liquid  reagents  used  in  clinical  -p  j: 

contamination,  check  for  tests  be  free  of  bacterial 

■ - - - >  ^  sign  of  bacterial  growth. 


A. 

B. 

C. 

D. 


odor 

moisture 

deterioration 

turbidity 


mst'be  user"'°"  Procedure  a  clean,  calibrated 


_or  similar  device 


A. 

B. 

C. 

D. 


tube 

flask 

pipette 

buret 


of  solution. 


.ts  the  number  of  gram  molecular  weights  of  a  compound  per  lit 


A.  Solutions 

B.  Suspensions 
.  Scales 

Molarity 


EVALUATION  SHEET 

WRITTEN  CRITERION  EXAM  CCont.) 


12. 


The  following  formula  may 
Normality  = 


be  used  to  calculate  normality: 


gram 


Solecular  weight/ totax  positive  change 

X 


liters  of  solution 


15 


A. 

B. 

C. 

D. 


equivalents  of  solute, 
number  of  grams  of  solute 
number  of  moles  of  solute 
molecular  weight  in  grams 


must 


be  precise,  accurate  and  reliable 


to  be 


13.  Clinical  laboratoip''  - 

useful  in  diagnosing  disease. 

A. ,  procudures 

B.  tests 

C . .  methods 

D.  preparations 

accuracy  and  reliability  of  results 

^crsiirarirorat:^^^^^ 

con«ol  solutions,  reference  materials,  and 

A.  stock  standards. 

B.  quantitative  transfers. 

C.  standard  solutions. 

D.  prepared  samples 

Some  "^ioring  ni^^ablerin^a'^coo?  area,  handling  volatile 

:SsSn"cls  oirer’a  fume  Lod,  and  storing  dry  chemicals  in - 

A.  cool,  dry 

B.  wet,  moist 

C.  cool,  moist 

D.  flat,  cool  _  n 

,  anlution  of  known  concentration  called  a 

Titration  requires  the  addition  or  a  solution  . 

to  an  accurately  measured  volume  or  sample. 


indicator 

titrant 

solvent 

standard 
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17.  The  technique  used  to  calculate  the  volume  of  a  reagent  solution  needed  to 
react  with  a  specific  volume  of  a  sample  is 


A.  quantitative  transfer. 

B.  quality  control. 

C.  standard  solutions. 

D.  titration. 

18.  All  glassware  used  for  diluting  or  preparing  reagents  and  measuring 
samples  must  be 

A.  pre-examined. 

B.  calibrated. 

C.  non-breakable. 

D.  stored. 


19.  The  point  of  a  titration  reaction  is  often  determined  by  using  a  chemical 


weak  acids  or  weak  bases. 


~ A.  base 

B.  indicator 

C.  reagent 

D.  standard 

20.  The  major  source  of  error  in  the  clinical  laboratory  is  worker 
which  can  develop  in  even  the  most  highly  trained  indeviduals. 

A.  overconfidence 

B.  performance 

C.  calculations 

D.  carelessness 
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_ Administrator  (Pre-Service)  _ Other  (Specifv) _ 


9.  Intenoed  for  Use  By: 

^  Student  ^  Classroom  Teacher_Ji_  Local  Administrator 

_ Teacner  Educator  _ Guidance  Staff  _ State  Personnel 

_ Other  (Soecifyi _ 


10.  Student  Type; 

Y 

_ Regular  _ Disaovantagec  _ i-ianaicaDoeo 

_ Limiteo-cngiisn  Proficiency  _ Other  (Soecifv) 


*  ■'  Meoium  anc  Format  of  Materials: 


JLhARDCOP'^ 

_ VIDEOTAPE 

_ FILM 

_ MiCRCFiCHE 

various 

Nn  nr  ranp*; 

MmiiTpe; 

Mmurp.*; 

5  C  '/V 

_ Pacer  oouno 

_ 3  &  W 

_ 3  &  W 

_ Color 

_ .“taro  oouno 

_ Color 

_ Color 

Loose-eaf 

mrnpc; 

.•nm 

Phnrn*;-  Yp«, 

Nn 

Nn 

11/5.  • 


to 


_  SLIDES 


_ FILM  STRIPS 


_ AUDIO 


_ other 


Nc 


ol  frames 


No  of  frames 


„3  i  W 

_ Color 

_ _  Audio 

_ _  Carousel  provided 

_ Other  pacicaging  used 

(Specify) _ 


_ B  i  W 

_ Color 

_ Audio 


_ Automatic  synch  Specify  1 

_ Hz  _ _ 

_ Manual  cue  _ _ 

_ Reel  ______________ 

_ _  Cassette 

_ _ _  Cartridge 


12.  Availability: 


_ .One  copy  free  For  sale  <§  S  _____  per  copy  ___  Not  avaiiabl#* 

2L-  In  ERIC  system  (No _ )  _ Loan  copy  ayaiiable 

Contact:  Mama  East  Central  Network  for  Curriculum  Coord.  Phnno  ^17 1  786-6575 


Address- 

Illinois  Vocational  Curriculum  Center 
Sangamon  State  University.  Building  F 

_ Zid  rnrte  62708 _ 

Rn-ri  ncrf  1  1  d  TT. 

13.  Copyright  Restrictions: 

Ccnr;^Cf  Nam** 

NONE 

Rhone  i  ) 

Address- 

- Zio  Code 

14  What  leveKs)  of  assistance  is  required  to  proyide  implementation  of  this  outcome.^ 

Y 

awareness  _______  understanding 

deciding  ^  implomantmg 


15.  Are  Consultive/lnservice  (or  staff  development)  available?  Yes____  Nn 

Contact:  Illinois  State  Board  of  Education 

Department  of  Adult.  Vocational  and  Technical  Education 

Research  and  Development  Section.  E-426 

100  North  First  Street 

Springfield.  IL  62777 

(217)  782-4620 


16  General  Description  (State  the  general  obiective  and  suggested  method  of  use.  Summarize  the  content  and  tell  how  it  is 
organized.  Write  the  description  so  that  it  can  Oe  used  to  promote  the  material.  Continue  on  back  of  this  sheet  or  on 
another  sheet,  if  necessary) 

Competency-based  learning  guides  for  learning  basic  skills/knowledge _ 

''7  °erson  Complptinn  Thi«;  Ah^trarr  Richard  W.  GlogOVSky 

Lake  County  Area  Vocational  Center 
Full  Aooress  19525  West  Washington  Street 

Grayslake  IL  60030 
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text  on  an  OIS  60   „  ^ 

text  on  the  Wang  OIS  60  Information  Processing  System _ 

Copy  and  move  text  on  a  Wang  OIS  60  Information  Processing  System 
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Perform  advanced  printing  on  the  Wang  OIS  60 
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documents  on  the  Wang  OIS  60 
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Print 
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TASKi  Manage  files  on  the  OIS  60  Information  Processing  System. 


PURPOSE;  Documents  should  be  named  logically  and  filed  in  an  organized 

manner  so  they  may  be  easily  retrieved.  In  this  guide  you 
will  learn  the  steps  required  to  file,  copy,  delete,  and 
retrieve  documents  on  an  OIS  60  Information  Processing  System. 
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Est.Time 

Prereq^ 
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10  hours 

170.3. l-j 

170.3.4y 
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LEARNING  CONTRACT  (optional) 

T;  student  data 


NAME 


SOCIAL  SECURITY  NUMBER 


length  of  contract  (NORMAL  TIME  IN  HOURS) 


2.  TERMINAL  PERFORMANCE  OBJECTIVE 

Given  the  needed  supplies,  equipment,  and  data,  manage  files  on  an  OIS  60 
Information  Processing  System. 

To  master  this  task  you  must  score  two  out  of  two  on  a  product  checklist  and 
score  19  out  of  21  on  a  written  exam. 


2a.  INTERMEDIATE  OBJECTlVE(s) 

1.  Prepare  a  diskette  for  use  on  an  OIS  60  Information  Processing  System. 

2.  Manage  files  on  an  OIS  60  Information  Processing  System. 


3.  AGREEMENT 


I. 

requirement  within 


_  agree  to  complete  the  above  stated  terminal  performance 
to _  I  further  recognize  that  the  conditions  of  the 


contract  (performance  and  time  agreement)  report  my  ability  to  perform  the  requirements  of  the 
occupation  and  record  my  progress. 


Student's  Signature 


Instructor  s  Signature 

(verifies  competency) 


t 
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INTERMEDIATE  OBJECTIVE 


'I  1 
1t  1 


Prepare  a  diskette  for  use  on  an  OIS  60  Information  Processing  System. 


LEARNING  STEPS  (Activities) 

RESOURCES 

1.  To  define  filing  on  the  OIS  60, 

1.  Read  pages  5-4  and  5-5  in  Filing 

see  Resource  1 . 

in  your  Word  Processing  Training 

Manual . 

2.  To  organize  your  docinnents  for 

2.  Read  pages  5-6  to  5-7  in  your 

most  efficient  filing,  see 

Word  Processing  Training  Manual  - 

Resource  #2. 

Document  Filing. 

3.  See  Resource  #3  to  identify  the 

3 .  Read  page  5-8  in  FILING  in  your 

parts  of  a  disk. 

WORD  PROCESSING  TRAINING  MANUAL. 

4.  To  learn  proper  disk  care,  see 

4.  Read  pages  5-9  to  5-12  in  FILING 

Resource  #4. 

in  your  WORD  PROCESSING  TRAINING 

MANUAL. 

5.  To  learn  how  to  insert  disk  in 

5.  See  instructor  for  demonstration. 

disk  drive  see.  Resource 

! 

6.  See  Resource  //6  to  Learn  how  to 

6.  Read  pages  5-13  to  5-19  in  FILING 

prepare  a  disk  for  use. 

in  your  WORD  PROCESSING  TRAINING 

MANUAL;  complete  exercise  as 

7.  See  Resource  #7  to  proceed  to 

directed. 

Intermediate  Objective 

V 

7.  See  Guide  page  4. 

J 
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LEARNING  STEPS  (Activities) 

1.  See  Resource  to  learn  how  to 
copy  to  an  archive  disk  and  to 
obtain  practice  in  copying  a 
document  to  disk. 

2.  To  learn  how  to  file  documents 
to  an  archive  diskette  and  to 
obtain  practice  in  document  filing, 
see  Resource  #2. 

3.  See  Resource  #3  to  learn  how  to 
retrieve  documents  from  disk  and 
to  obtain  practice  in  retrieving 
documents . 

4.  To  learn  how  to  delete 
documents  and  to  obtain  practice 

in  deleting  docTiments ,  see  Resource 
#4. 

5.  See  Resource  #5  to  learn  how  to 
complete  multiple  filing  activities 
and  to  obtain  practice  in  completing 
these  activities. 

6 .  To  learn  how  to  print  an  index  and 
to  obtain  practice  in  printing  an 
index,  see  Resource  #6. 

7.  See  Resource  #7  to  learn  how  to 
duplicate  a  disk  and  to  practice 
duplicating  a  disk. 

8.  To  review,  see  Resource  //8. 

9.  Complete  Resource  9A  and  9B  to  check 
your  understanding  of  the  terminal 

performance  objective  and  to  measure 
your  ability  to  manage  files. 


RESOURCES 

1 .  Read  pages  5-20  to  5-23  in  FILING 
in  your  training  manual  completing 
the  exercise  as  directed. 

2.  Read  pages  5-24  to  5-26  in  FILING  - 
complete  exercise  as  directed. 


3,  Read  pages  5-27  to  5-29  and  comp^st^ 

exercise  as  directed  in  FILING... _ 

4.  Read  pages  5-30  to  5-32  and  complete 
exercise  as  directed  in  FILING  in 
your  training  manual. 


5.  Read  pages  5-33  to  5-47  in  FILING 
in  your  training  manual;  complete 
all  exercises  as  directed. 


6.  Read  pages  5-48  to  5-62  in  FILING 
in  your  training  manual;  complete 
exercises  as  directed. 

7.  Read  pages  5-63  to  5-67;  complete 
exercise  as  directed  in  FILING  in 
your  training  manual . 


8.  Read  Information  Sheet  found  on 
guide  pages  5  to  8 . 


9. 


A. 

B. 


Product  checklist  on  pages  9 


and  1 0 . 

Complete  Criterion  Exam 


170. B. V 


C  Program 

Task 

Page  ^ 

soo 

170. B. 5 

^  J 

"I 
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DOCUMENT  FILING 


Document  filing  is  a  procedure  for  storing  data  for  preservation 
and  later  use.  Paper  documents  are  stored  in  filing  cabinets  in  manila 
folders  while  electronic  documents  are  stored  on  system  disks  (hard 
disks)  or  archive  (floppy  disks). 

The  system  disk  on  the  Wang  will  hold  33.5  megabytes  of  data  or 
approximately  10,000  pages;  the  archive  diskette  will  store 
approximately  120  pages  of  text.  Archive  disks  may  be  5  1/4  inches  or 
8  inches.  The  disks  you  will  be  using  on  our  system  are  5  1/4  inches. 

The  system  disk  is  permanently  mounted  in  the  master  unit.  All 
documents  keyboarded  on  the  Wang  OIS  60  are  automatically  stored  on 
the  system  disk.  Documents  may  be  removed  from  the  system  disk  and 
stored  permanently  on  an  archive  diskette. 

Important  parts  of  an  archive  diskette  are  the 

(1)  paper  dust  jacket,  -- _ _ 

(2)  an  identification  label, 

( 3 )  recording  slot , 

(4)  sealed  black  jacket, 

(5)  and  the  protective  seal. 


DISK  CARE 

Diskettes  should  be  taken  care  of  properly  so  that  they  will  last 
a  long  time  and  so  that  data  stored  on  the  disk  will  not  be  damaged. 

Follow  these  procedures  to  protect  your  archive  diskette. 

(1)  Never  write  on  the  label  with  a  pen  after  it  has  been 
applied  to  the  disk. 

(2)  Do  not  let  the  adhesive  of  the  label  touch  the 
recording  slot. 

(3)  Return  disks  to  paper  dust  jacket  when  not  in  use. 

(4)  Do  not  store  near  magnetic  fields. 

(5)  Store  diskettes  in  sturdy  file  folders  in  an  upright 
position. 

(6)  Do  not  put  more  than  one  label  on  a  disk. 

(7)  Store  diskettes  in  an  environment  between  50  and  125 
degrees  Farenheit. 

(8)  Do  not  expose  diskettes  to  excessive  sunlight  or  heat. 

(9)  Do  not  place  objects  on  top  of  disks. 

(10)  Do  not  touch  the  recording  slot  with  you  hands. 

(11)  Do  not  attempt  to  clean  the  disk  with  cleaning 
solvents . 
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(12)  Do  not  mount  damaged  disks  in  the  drive;  it  could 
damage  the  disk  drive  mechanism, 

(13)  Do  not  attach  anything  to  diskettes  such  as  a  paper 

clip. 

(14)  Mail  diskettes  in  special  mailing  devices  or  in  strong 
cardboard. 

(15)  DO  not  place  diskettes  on  the  monitor  or  crt  of  a 
workstation. 


FILING  PROCEDURES 

It  is  important  to  follow  these  filing  procedures  so  that  your 
documents  are  protected  from  damage  and  so  they  may  easily  be  found 
or  retrieved. 

(1)  Enter  a  logical  name  for  each  document. 

(2)  Enter  comments  in  the  Document  Summary  that  identify 
the  document  for  you. 

(3)  File  documents  on  diskettes  that  are  related. 

(4)  Print  indexes  for  disks  and  for  libraries. 

(5)  Delete  unnecessary  documents  from  the  archive  disk 
and  the  system  disk. 

( 6 )  Duplicate  diskettes . 


PREPARING  AN  ARCHIVE  DISKETTE 

Preparing  a  disks  consists  of  formatting  that  disk  with  tracks  and 
sectors.  Disks  must  be  prepared  or  initialized  before  that  may  be  used 
to  store  data. 

Follow  these  steps  to  prepare  a  disk. 

1.  Select  DOCUMENT  FILING  from  the  word  processing  menu; 
press  EXECUTE. 

2.  Select  PREPARE  ARCHIVE  DISKETTE;  press  EXECUTE. 

3.  Make  certain  write  protect  slot  is  uncovered;  insert  archive 
diskette  in  drive;  close  door;  press  EXECUTE. 

4.  Type  X;  press  EXECUTE. 

5.  Make  note  of  diskette  ID. 


DISMOUNTING  AN  ARCHIVE  DISKETTE 

It  will  be  necessary  for  you  to  follow  these  steps  when  removing 
a  disk  from  the  drive.  YOU  SHOULD  NEVER  REMOVE  A  DISK  WHEN 
THE  RED  LIGHT  ON  THE  DISK  DRIVE  IS  LIT. 
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1.  Press  COMMAND  and  Superscript/Subscript  key  (located  next  to 
Command  key).  Red  light  will  go  out. 

2.  Remove  diskette. 

3.  Press  CANCEL  to  clear  prompt. 


SINGLE  FILING 

When  you  wish  to  file  a  single  document,  follow  the  steps  listed 

below. 

1.  Select  DOCUMENT  FILING;  press  EXECUTE. 

2.  Position  acceptance  block  next  to  desired  activity  (copy,  file, 
retrieve,  delete);  press  EXECUTE. 

(a)  Copy  -  A  copy  of  the  document  is  placed  on  the  archive 
diskette.  (The  original  copy  still  remains  on  the  system 
disk. ) 

(b)  File  -  A  copy  of  the  document  is  placed  on  the  archive 
diskette.  The  original  copy  is  removed  from  the  system 
disk. 

(c)  Retrieve  »  A  copy  is  taken  from  the  archive  disk  and 
placed  on  the  system  disk. 

(d)  Delete  -  Copy  is  deleted  from  archive  disk  or  system 
disk. 

3.  Enter  DOCUMENT  ID;  press  EXECUTE. 

4.  Check  document  name;  press  EXECUTE. 

5.  Mount  archive  diskette;  press  EXECUTE  until  "In  Progress"  is 
displayed . 


rOLTIPLE  FILING 

Multiple  filing  allows  you  to  file  more  than  one  document  at  a 
time.  You  can  file  up  to  34  documents  at  a  single  time. 

1.  Select  DOCUMENT  FILING;  press  EXECUTE. 

2.  Position  acceptance  block  next  to  desired  activity;  oress 
RETURN.  (COPY,  FILE,  RETRIEVE,  DELETE) 

3.  Position  acceptance  block  next  to  MULTIPLE;  oress 
EXECUTE. 

4.  Position  cursor  beneath  first  document  to  be  filed;  press 
INSERT,  Continue  pressing  INSERT  until  all  documents  have 
been  selected.  Depress  NEXT  to  move  to  next  screen;  depress 
DELETE  to  deselect  a  document;  press  EXECsJTE. 

5.  Press  EXECUTE;  check  Document  ID  and  name;  press 
EXECUTE. 

6.  Mount  archive  diskette,  close  door,  and  press  HXEOJTE. 

7.  Check  diskette  ID;  continue  pressing  EXECJTE  until  "In 
Progress"  is  displayed. 
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PRINTING  A  DOCUMENT  INDEX 

You  may  wish  to  print  a  document  index  so  that  you  will  know 
what  documents  are  stored  on  a  particular  disk. 

1.  Select  SPECIAL  PRINT  FUNCTIONS  from  the  word  processing 
menu;  press  EXECUTE. 

2.  Select  PRINT  INDEX;  press  EXECUTE. 

3.  Select  LIBRARY  or  ARCHIVE  DISK;  press  RETURN;  specify  by 
Author,  All,  or  By  Operator;  press  RETURN;  type  name. 

4.  If  printing  an  index  for  archive,  mount  disk;  press  EXECUTE; 
check  ID,  press  EXECUTE. 

5.  Change  Print  Document  Menu  as  needed;  press  EXECUTE. 

Most  often  you  will  want  to  delete  this  document  as  there  is 
no  need  to  save  it  on  the  system  disk. 

6.  Press  select  on  your  printer  to  begin  printing. 


DUPLICATING  A  DISKETTE 

It  is  good  filing  practice  to  make  a  copy  of  each  archive 
diskette.  The  backup  copy  should  be  kept  in  a  safe  place  so  that  all 
data  stored  on  it  is  protected  from  damage  or  loss. 

Follow  these  steps  to  make  a  copy  of  an  archive  diskette. 

1.  Select  UTILITIES  on  the  word  processing  menu. 

2.  Select  DUPLICATE  DISK;  press  EXECUTE. 

3.  Mount  the  original  disk  in  the  disk  drive;  press  EXECUTE. 

4.  Dismount  the  original  diskette;  mount  diskette  to  be 
duplicated;  press  EXECUTE. 


SOURCE:  WANG  LABORATORIES 
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PERFORMANCE/PRODUCT  CHECKLIST 


m 

PrOQI^^m!  Secretarial  Office  Occupations 


Task  No:  170.B.5 


Student's  Name: _  Date  Of  Attempt: 

Evaluator's  Name: _ Evaluation  Site:  _ 

Performance  Attempt:  12  3  4 


Terminal  Performance  Objective: 

Given  the  needed  supplies,  equipment,  and  data,  manage  files  on  an  OIS  60  Information 
Processing  System. 

To  master  this  task  you  must  score  two  out  of  two  on  a  product  checklist  and  score 
19  out  of  21  on  a  written  exam. 

Directions  To  The  Student: 

Before  attempting  this  task  for  mastery,  carefully  review  this  checklist.  You  will  be  eval¬ 
uated  on  the  basis  of  this  checklist.  When  you  feel  you  are  ready  for  evaluation,  contact  your 

instructor.  You  must  complete  your  performance  within _ 112 _ minutes  and  must 

score  at  least _ out  of _ points  or _ ^QQ  %  for  mastery.  Critical 

items  are  marked  with  an  asterisk  (*).  These  items  must  be  satisfactorily  completed. 


Directions  To  The  Evaluator 

The  student  will  contact  you  when  ready  for  the  evaluation.  The  student  must  complete 

the  performance  within  30 _ minutes  and  must  score _ out  of _ 

points  or  100 _ %  and  ail  items  marked  with  an  asterisk  (*)  must  be  satisfactorily 

completed. 
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PERFORMANCE/PRODUCT  CHECKLIST 


Name 


Yes 


No 


1.  All  training  documents  and  documents  you  created 

have  been  filed  to  the  archive  disk. 

2.  A  document  index  of  the  archive  disk  has  been 

printed. 
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PROJECT  SUMMARY  SHEET 


170. B. 5 


This  page  is  to  be  completed  by  your  instructor. 


1.  Prepare  an  archive  diskette. 

2.  Copy  Resume  of  Ellen  Scott  to  disk. 

3.  Copy  AAA  Travel  Agency  to  disk. 

4.  File  Resume  of  Ellen  Scott  to  disk. 

5.  File  Far  East  Tours  to  disk. 

6.  Retrieve  Resume  of  Ellen  Scott  from  the  system  disk 
and  then  copy  to  your  archive  disk. 

7.  Delete  Combination  Kevs  from  the  system  disk. 

8.  Use  multiple  filing  to  copy  filing  documents  to  the  archive 
disk. 

Christmas  Sales  Promotion 

First  National  Bank 
Central  Electric  Company 

9.  Use  multiple  filing  to  file  documents  to  the  archive 
disk. 

AAA  Travel  Agencr/ 

Christmas  Sales  Promotion 
Central  Electric  Company 

First  National  Bank 
Field  Support  Personnel 

Review 

10.  Retrieve  the  following  documents  from  the  archive  disk: 

AAA  Travel  Aoencr/ 

Christmas  Sales  Promotion 
Central  Electric  Company 
First  ^^atlonal  Bank 
Field  Support  Personnel 
Review 

11.  Print  an  index  of  your  archive  disk. 

12.  Print  an  index  of  all  documents  in  your  library. 

4 

13.  Make  a  duplicate  copy  of  your  archive  disk. 
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Criterion  Exam  -  Part  I 
Criterion  Exam  -  Part  II 


Name 


Date 


Points 
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INFORMATIONAJORD  PROCESSING 
SECRETARIAL  OFFICE  OCCUPATIONS 
CRITERION  EXAM 

TASK  170. B. 5 

The  purpose  of  this  exam  is  to  determine  whether  or  not  you  have  under¬ 
stood  the  information  presented  on  document  filing  on  a  Wang  OIS  60 
Information  Processing  System. 


Directions: 


PART  I 

Write  your  answers  on  an  answer  sheet  provided  by  your 
instructor.  Select  the  answer  that  best  completes  or  defines  the 
statement.  A  minimum  score  of  90  percent  is  required. 

PART  II 

Complete  document  filing  as  directed.  A  maximum  time  of  30 
minutes  is  allowed  to  complete  this  portion  of  the  exam.  A  score 
of  100  percent  accuracy  is  required. 
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POST  TEST  #1 


PART  I 


DIRECTIONS:  Write  the  letter  that  comes  before  the  correct  answer  on  an 

answer  sheet.  Do  not  write  on  this  test.  A  minimum  score  of 
90  percent  is  required. 


1.  Documents  may  be  stored 


a.  only  on  an  archive  disk. 

b.  only  on  a  system  disk. 

c.  on  neither  an  archive  disk  or  a  system  disk. 

d.  on  both  the  archive  disk  and  the  system  disk. 


2.  When  you  store  too  much  information  on  the  system  disk,  it  may 

a.  erase  all  data  stored  on  disk. 

b.  wear  out. 

c.  not  perform  word  processing  functions  efficiently. 

d.  cause  damage  to  the  system  disk. 


3.  ^^en  you  no  longer  need  documents  that  have  been  stored  on  disk,  you  can 
-  used  archive  diskettes. 


a .  not  erase 

b.  erase 

c.  not  reuse 

d.  none  of  the  above 


4.  When  you  copy  a  document  from  the  system  disk  to  an  archive  disk, 

a.  you  delete  the  document  from  the  system  disk  and  store  it  on 
the  archive  disk. 

b.  you  copy  the  document  to  the  archive  disk  retaining  a  copy  on 
the  system  disk. 

c.  you  delete  the  document  from  both  the  system  disk  and  the 
archive  disk, 

d.  you  copy  the  document  to  the  archive  disk  deleting  it  from  the 
system  disk. 
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5.  When  you  file  to  the  archive  diskette,. 

a.  you  delete  the  document  from  the  system  disk  and  store  it  on 
the  archive  disk. 

b.  you  copy  the  document  to  the  archive  disk  retaining  a  copy  on 
the  system  disk. 

c.  you  delete  the  document  from  both  the  system  disk  and  the 
archive  disk. 

d.  you  copy  the  document  to  the  system  disk  deleting  it  from  the 
archive  disk. 

6.  When  you  retrieve  files  from  the  archive  diskette, 

a.  you  delete  the  document  from  the  system  disk  and  store  it  on 
the  archive  disk. 

b.  you  copy  the  document  to  the  archive  disk  retaining  a  copy  on 
the  system  disk. 

c.  you  copy  the  document  from  the  archive  disk  to  the  system  disk 
retaining  a  copy  on  the  archive  disk. 

d.  you  copy  the  document  to  the  system  disk  deleting  it  from  the 
archive  disk. 

7.  When  you  prepare  a  diskette,  you 

a.  preserve  data  on  the  disk. 

b.  reformat  data  on  the  disk. 

c.  rearrange  data  on  the  disk. 

d.  erase  data  stored  on  the  disk. 

8.  Which  of  the  following  is  a  correct  method  for  handling  disks? 

a.  Store  in  jackets  in  an  upright  position. 

b.  Touch  exposed  areas  with  your  hands. 

c.  Write  on  disk  labels  only  with  ballpoint  pens. 

d.  Store  near  magnets. 


9.  When  inserting  a  disk  in  the  disk  drive,  it  should  be  in  the  following 
position. 


a.  recording  slot  up  and  facing  the  operator 

b.  recording  slot  down  and  facing  the  operator 

c.  recording  slot  up  and  inserted  in  drive  first 

d.  recording  slot  down  and  inserted  in  drive  first 
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10.  The  sealed  black  jacket  should 


a.  be  removed  before  using  the  disk. 

b.  be  removed  after  disk  is  full. 

c.  not  be  removed  until  the  disk  is  prepared. 

d.  never  be  removed. 

11.  To  unlock  the  disk  drive  door  and  dismount  the  diskette, 

a.  press  COMMAND  and  the  Super /Subscript  key. 

b.  press  COMMAND  and  the  north  cursor  key. 

c.  press  COMMAND  and  the  south  cursor  key. 

d.  press  COMMAND  and  both  the  north  and  south  cursor  keys. 

12.  "Delete  from  Library" 

a.  removes  documents  permanently  from  the  system  disk 

b.  removes  documents  permanently  from  the  archive  disk 

c.  removes  documents  temporarily  from  the  system  disk 

d.  removes  documents  temporarily  from  the  archive  disk 

13.  You  can  file  up  to  -  documents  at  one  time  by  selecting  multiple. 

a.  20 

b.  28 

c.  34 

d.  39 

14.  When  performing  multiple  filing  activities,  the  -  key  is  used  to 

indicate  which  documents  you  wish  to  file. 

a .  Space  bar 

b.  Underscore 

c.  Delete 

d.  Insert 

15.  To  position  the  cursor  for  multiple  or  range  filing,  you  must  touch  the 
-  key  after  you  have  returned  and  moved  to  "Single." 


a.  Space  bar 

b.  Underscore 

c.  Return 

d.  Insert 


i 

1 

i 

1 
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16.  The  message  " - "  appears  on  the  screen  when  multiple 

activities  are  completed. 

a.  Filing  Activities  Complete 

b.  End  of  Job 

c.  Project  Completed 

d.  Batch  Request  Ended 

17.  You  cannot  print  an  index  of 

a.  all  the  documents  on  the  system  disk. 

b.  all  the  documents  in  a  library. 

c.  all  the  documents  on  an  archive  disk. 

d.  all  the  documents  waiting  to  be  printed. 

18.  The  Duplicate  disk  option  is  located,  under  the  following  menu  pick, 

a.  Utilities 

b.  Document  Filing 

c.  Special  Print  Functions 
•  d.  Glossary 

19.  When  duplicating  a  disk, 

a,  insert  the  original  disk  in  the  drive,  close  the  door,  and  press 
CANCEL  to  begin  duplication  onto  the  system  disk. 

b.  insert  the  original  disk  in  the  drive,  close  the  door,  and  press 
EXECUTE  to  begin  duplication  onto  the  system, disk. 

c,  insert  the  original  disk  in  the  drive,  close  the  door,  and  press 
INSERT  to  begin  duplication  onto  the  system  disk. 

d.  insert  the  original  disk  in  the  drive,  close  the  door,  and  press 
COMMAND  to  begin  duplication  onto  the  system  disk. 

20.  After  the  archive  disk  has  been  copied  to  the  system  disk, 

remove  the  original  disk  from  the  drive,  insert  the  blank  disk  and  oress 
-  to  begin  duplication. 

a.  CANCEL 

b.  COMMAND 

c.  RETURN 

d.  EXECUTE 


21.  Duplicating  disks 


a. 

b. 

c. 

d. 


is  expensive  and  should  not  be  done. 

is  a  waste  of  time. 

is  a  good  filing  practice. 

is  not  necessary  because  of  the  reliability  of  the  system  disk. 
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POST  TEST  170. B. 5 
DOCUMENT  FILING 


PART  II 


DIRECTIONS:  Complete  all  activities  that  follow.  These  activities  are  designed 
to  measure  your  understanding  of  document  filing. 


MULTIPLE  PILING 

1.  Select  File  to  Archive  Diskette 

2.  Select  Multiple  Filing 

3.  Select  all  training  documents  assigned  to  you  and  anv  other 

documents  you  have  created. 

4.  Press  EXECUTE  until  (in  progress) 


PRINT  DOCUMENT  INDEX 

1.  Select  Archive  Diskette. 

2 .  Select  All . 

3.  Print  a  copy  of  the  document  index. 


displayed. 


i 


HAND  IN  A  COPY  OF  THE  DOCUMENT  INDEX. 


NOTE:  ALL  YOUR  DOCUMENTS  HAVE  BEEN  REMOVED  F^M  THE 
SYSTEM  DISK  AND  PLACED  ON  THE  ARCHIVE  DISK.  THE  NEXT  TIME 
YOU  NEED  TO  ACCESS  A  TRAINING  DOCUMENT,  YOU  tCIST  RECALL 
IT  FROM  YOUR  ARCHIVE  DISK. 
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TASK*  Format  text  on  an  OIS  60  Information  Processing  System, 

I 

PURPOSE:  OIS  60  Information  Processing  software  enables  the 

operator  to  format  text  quickly  and  efficiently.  You  can 
change  line  lengthy  vertical  line  spacing,  tabs,  and  center 
text  automatically  without  rekeying  any  text. 


INFORMATIOri  PROCESSING 


f Program 

Task 

Est.Time 

Prereq7\ 

1  soo 

t— 

o 

• 

• 

170.B.1-J 

1  ^ 

LEARNING  CONTRACT  (optional) 


2a.  INTERMEDIATE  OBJECTlVE(s) 

1.  Format  text  on  an  OIS  60  Information  Processing  System. 


0 


3.  AGREEMENT 


requirement  within 


_  agree  to  complete  the  above  stated  terminal  performance 
to _  1  further  recognize  that  the  conditions  of  the 


contract  (performance  and  time  agreement)  report  my  ability  to  perform  the  requirements  of  the 
occupation  and  record  my  progress. 


Student's  Signature 


Instructor  s  Signature 
(verifies  competency) 
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INTERMEDIATE  OBJECTIVE  >' 


Format  text  on  an  OIS  60  Information  Processing  System. 


LEARNING  STEPS  (Activities) 

1 .  To  review  procedures  for  centering 
text,  setting  tabs,  see  Resource  ?/l . 

2.  To  learn  how  to  use  the  Wang  Ruler 
and  to  obtain  practice  in  the  use 
of  this  ruler,  see  Resource  #2. 

3.  See  Resource  #3  to  learn  how  to 
revise  an  existing  format  line  and 
to  gain  practice  in  making  these 
revisions . 

4.  To  learn  how  to  use  the  horizontal 
scroll  feature  and  to  obtain  practice 
in  scrolling,  see  Resource  #4. 

5.  To  review  the  use  of  the  format  keys 
and  gain  additional  practice  in  their 
use,  see  Resource  #5. 

6.  See  Resource  //6  to  learn  the  use  of 
the  decimal  tab  and  to  practice  using 
this  kev. 

7.  See  Resource  //?  to  learn  how  to 
create  pages  within  a  document  and 
to  obtain  practice  in  creating 
these  pages. 

8.  Complete  Resource  #8  A,  B,  and  C  to 
check  your  understanding  of  the 
terminal  performance  objective 

and  to  measure  your  ability  to 
format  text  on  an  OIS  60 
Information  Processing  System. 


RESOURCES 

1.  Read  FORMATTING  TEXT  in  your  train¬ 
ing  manual  -  pages  6-1  to  6-6;  com¬ 
plete  review  exercise  as  directed. 

2.  Read  and  complete  exercises  as 

directed  in  FORMATTING  TEXT  on’ 

pages  6-7  to  6-12. 

3.  Read  instructions  and  complete 
exercises  in  FORMATTING  TEXT  on 
pages  6-13  to  6-22. 

4.  Read  FORMATTING  TEXT  in  your  train¬ 

ing  manual  -  pages  6-23  to  6-25 ; 
complete  exercise  as  directed. 

5.  Read  and  complete  exercises  as 

instructed  in  FORMATTING  TEXT  in 
your  training  manual  -  pages  6-26 
to  6-31. 

6.  Read  instructions  and  complete 
exercises  in  FORMATTING  TEXT  in 
your  training  manual  -  pages  6-32 
to  6-36. 

7.  Read  and  complete  exercises  as 
instructed  in  FORMATTING  TEXT  in 
your  training  manual  -  pages  6-37 
to  6-40. 

8.  A.  Read  guide  pages  4-6  to  review. 

3.  Product  checklist  on  guide  pages 
7 ,  8 ,  and  9 . 

C.  Complete  Criterion  Exam  170.3.6. 
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INFORMATION  SHEET  -  170. B. 6 


FORMATTING  TEXT 

Formatting  text  requires  that  you  perform  the  following 
operations : 

(1)  Set  line  length  and  revise  line  length  settings; 

(2)  Set  vertical  line  spacing  and  revise  line  space 
settings ; 

(3)  Set  tabs  and  reset  tabs  for  alignment  of  alpha  and 
numerical  data; 

( 4 )  Center  lines ; 

(5)  Use  special  keys  for  setting  temporary  margins; 

(6)  Paginate  and  repaginate  text. 


DOCUMENT  FORMATTING  DEVICES 

Rulers  that  assist  you  in  determining  line  length,  tab  settings, 
and  page  length  are  available  for  your  use.  These  rulers  genrally 
contain  a  scale  for  measuring  number  of  characters  per  inch  on  a  page 
either  in  10  pitch,  12  pitch,  or  15  pitch.  Vertical  spacing  or  page 
length  may  also  be  measured  with  these  rulers. 

Overlays  are  available  also.  These  may  be  placed  on  a  typed  page 
or  form  to  assist  you  with  document  formatting.  Ask  your  instructor  to 
demonstrate  both  of  these  devices. 


LINE  LENGTH,  TABS,  VERTICAL  SPACING 

The  Primary  Format  line  is  set  for  you  when  you  create  a  new 
document.  This  line  may  require  revision.  To  revise  this  line,  move 
the  cursor  directly  below  the  Primary  Format  line 

(1)  Press  Shift  and  FORMAT  or  FORMAT  to  move  the  cursor  into 
the  format  line; 

(2)  Backspace  and  type  the  vertical  spacing  you  desire; 

(a)  1  =  Single 

(b)  1  -  Double 

(c)  3  =  Triple 

(d)  W  =  Space  and  one  half 

(e)  H  =  Half  spacing.. 

(f)  Q  =  Quarter  spacing 

(3)  Set  the  tabs  desired  by  depressing  the  tab  key  -  use  the 
space  bar  to  delete  tabs  by  spacing  over; 

(4)  Use  the  RETURN  key  when  you  have  reached  the  desired  line 
length.* 

(5)  Depress  EXECUTE  to  move  out  of  the  format  line. 

*Left  margin  is  set  on  the  Print  Document  menu. 
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When  you  wish  to  change  margins  within  a  document,  you  use  the 
FORMAT  key  to  set  an  Alternate  Format  line.  You  might  wish  to  do  this 
if  you  have  a  long  document  that  contains  a  table  of  statistics  or  a 
long  quotation. 

(1)  Make  certain  that  there  is  a  least  one  blank  line 
between  the  cursor  and  the  primary  format  line; 

( 2 )  Depress  FORMAT ; 

(3)  Set  vertical  line  spacing,  tabs,  and  line  length; 

(4)  Press  EXECUTE. 

You  may  decide  to  delete  an  Alternate  Format  line.  To  do  this, 

(1)  Enter  the  format  line  by  depressing  SHIFT  and 
FORMAT; 

(2)  Press  Delete. 


You  may  wish  to  set  a  temporary  indent  for  a  left  margin.  This 
would  block  all  data  at  the  first  tab  setting  in  the  format  line.  To 
do  this  you  would 


(1) 

Press 

INDENT; 

(2) 

Enter 

text  to  be  typed; 

(3) 

Press 

RETURN. 

SCROLLING 

Scrolling  allows  you  to  move  beyond  the  80  character  normally 

viewed  on  the  screen.  If  you  were  typing  a  long  statistical  report 

require  the  use  of  paper  wider  than  8  1/2  inches. 

(1)  Set  the  right  margin  in  the  format  line  at  100; 

(2)  Use  the  EAST  CURSOR  key  to  move  the  cursor  to  the 

right ; 

(3)  Notice  how  the  cursor  moves  past  80  to  display  data 
beyond  that  point. 


CENTER  KEY 


To  center  lines,  follow  the  steps  listed  below. 


(1)  Depress  the  CENTER  key; 

(2)  Type  the  line  to  be  centered; 

(3)  Depress  the  RETURN  key. 


The  line  is  centered  between  the  left  margin  you  sen  on  the 
Print  Document  menu  and  the  line  length  set  in  the  format  line.  The 
center  graphic  is  the 
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RETURN  KEY 

The  RETURN  key  allows  you  to  create  blank  lines  between 
paragraphs,  to  end  short  lines,  to  end  format  instructions  such  as 
centering,  and  to  set  the  line  length  in  the  format  line.  A  ^  is  the 
return  graphic. 


TAB  KEY 

When  you  wish  to  indent  the  first  line  of  a  paragraph  or  type 
columns  of  numbers,  you  use  the  tab  key.  A  ►  is  the  graphic  for  a 
tab. 


INDENT  KEY 

The  indent  key  is  used  when  you  wish  to  temporarily  change  the 
left  margin.  Notice  that  this  paragraph  is  typed  using  the 
indent  key.  A  graphic  indicates  an  indent  has  been  used. 


DECIMAL  TAB 

The  DEC  TAB  key  is  used  when  you  wish  to-' ^ign- words  at  the 
right  or  numbers  at  the  decimal  point.  This  feature  will  save  you  a 
great  deal  of  time  when  typing  columns  of  numbers.  A  tab  stop(s)  must 
be  set  in  the  format  line  where  you  wish  text  to  align.  The  graphic 
indicates  you  are  using  a  decimal  tab. 

(1)  Depress  DEC  TAB; 

{ 2 )  Ty^  numbers ; 

(3)  Depress  DEC  TAB  to  move  to  next  column*; 

(4)  Or  depress  RETURN  for  next  line  of  data. 

*You  may  use  the  DEC  TAB,  TAB,  INDENT,  or  RETURN  to  end  decimal 

alignment . 

PAGE  KEY 

When  you  wish  to  start  a  new  page,  simply  press  the  PAGE  key.  A 
special  graphic  JL  appears  and  the  status  line  indicates  that  you  are 
at  position  1  -  line  1  on  a  new  page. 

To  delete  a  page,  position  the  cursor  under  the  page  break 
graphic,  depress  DELETE,  and  EXECUTE. 


Source:  Wang  Laboratories 
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Program:  secretarial  office  occupations 

;  Task  No:  170. b. 6 

Student's  Name: _ _  Date  Of  Attempt: 

Evaluator's  Name: _ Evaluation  Site: 

Performance  Attempt:  12  3  4 


Terminal  Performance  Objective: 

^  Given  the  needed  data,  supplies,  and  equipment,  format  text  on  an 

OIS  60  Information  Processing  System. 

To  master  this  task,  you  must  score  28  out  of  28  on  a  product  checklist 
and  score  22  out  of  24  on  a  written  exam. 


Directions  To  The  Student: 

Before  attempting  this  task  for  mastery,  carefully  review  this  checklist.  You  will  be  eval¬ 
uated  on  the  basis  of  this  checklist.  When  you  feel  you  are  ready  for  evaluation,  contact  your 

instructor.  You  must  complete  your  performance  within  _ minutes  and  must 

score  at  least _28 _ out  of  _2B__  points  or _ mo _ %  for  mastery.  Critical 

items  are  marked  with  an  asterisk  (*).  These  items  must  be  satisfactorily  completed. 


Directions  To  The  Evaluator 

The  student  will  contact  you  when  ready  for  the  evaluation.  The  student  must  complete 
the  performance  within  minutes  and  must  score _ out  of _ 


points  or  __ 
completed. 


28 


%  and  all  items  marked  with  an  asterisk  (*)  must  be  satisfactorily 
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PERFORMANCE/PRODUCT  CHECKLIST 


Part  II 
Yes  No 

Title  t^^d  in  all  caps  and  centered 
Triple  space  follows  main  heading 

Body  of  document  ~  single  spaced;  double  spaced  between 
”  paragraphs 

____  length  -  60 

_____  Tab  stop  at  5 

■  Left  and  right  margins  even 

_  All  errors  corrected 

_  Document  summary  printed 

_  _  Hard  copy  printed 

Part  III 
Yes  No 

_  _ _  Title  typed  in  all  caps  and  centered 

Triple  space  followed  main  heading 

_  ___  Vertical  spacing  -  space  and  a  half 

_  _  Line  length  -  70 

_  _  Tab  stop  at  10 

_  _  Paragraph  #2  block  indented  10  spaces  (use  indent  key) 

_  _  Left  and  right  margins  even 

_  _  All  errors  corrected 

_  _  Document  summary  printed 

_  _  Hard  copy  printed 
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Part  IV 
Yes  No 

_  _  Title  capitalized  and  centered 

_  _  Double  spaced  coluirmar  data 

_  _  Triple  spaced  after  main  heading 

_  _  10  spaces  left  between  columns 

_  _  Left  and  right  margins  even 

_  _  Decimals  aligned 

_  _  Errors  corrected 

_  _  Document  summary  printed 

_  _  Hard  copy  printed 
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PROJECT  SUMMARY  SHEET 
170.3.6 


DIRECTIONS:  This  page  is  to  be  completed  by  your  instructor. 


Training  Manual  -  Formatting  Text 

_ _ _  Resume  for  Ellen  Scott 

________  The  Character  Keys 

_ _  Decimal  Tab  Alignment 

_ _  Wang  Ruler 

_________  Format  Keys 

_ _ _  Create  Pages 

_  Format  lines 

_ _  Centering  Text 

_  Music  Lessons 

Criterion  Exam  170. B. 6 

Part  I 

_  Part  II 

_  Part  III 

_  Part  IV 


Name  Date 

Points 
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INFORMAnONA?ORD  PROCESSING 
SECRETARIAL  OFFICE  OCCUPATIONS 
CRITERION  EXAM 

TASK  170.8.6 

The  purpose  of  this  exam  is  to  determine  whether  or  not  you  have  under¬ 
stood  the  information  presented  on  document  formatting  on  a  Wang  OIS  60 
Information  Processing  System. 


Directions : 


PART  I 

Write  your  answers  in  the  space  provided  to  the  left  of  the 
question.  Select  the  answer  that  best  completes  or  defines  the 
statement.  A  minimum  score  of  90  percent  is  required. 


PART  II 

Keyboard  the  document  as  directed.  Follow  all  instructions  given 
for  formatting  the  text.  Correct  any  errors  made.  A  maximum  time 
of  20  minutes  will  be  allowed  to  complete  this  part  of  the 
examination. 

PART  III 

Make  changes  indicated.  A  maximum  time  of  five  minutes  will  be 
allowed  to  make  formatting  changes  indicated, 

PART  IV 

Keyboard  columnar  text  as  directed.  Correct  any  errors  made  while 
keying  in  text.  Follow  all  instructions  given.  A  maximum  time  of 
30  minutes  is  allowed  to  complete  this  portion  of  the  test. 
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PART  I 


FORMATTING  TEXT  -  170. B.  6 
POST  TEST  #1 


DIRECTIONS:  Write  your  answer  on  the  answer  sheet  provided  by  your 

instructor.  Do  not  write  on  this  test.  Select  the  letter 
that  comes  before  the  answer  that  best  completes  or 
defines  the  statement. 


1.  A  document  formatting  ruler  provides  you  with  a  two-sided  ruler 
displaying  the  following  scale ( s ) . 

a.  horizontal  scale 

b.  vertical  scale 

c.  both  a  and  b 

d.  none  of  the  above 

2.  The  vertical  centering  scale  on  the  Wang  ruler  has  -  lines 

per  inch. 

a .  6 

b.  8 

c.  both  a  and  b 

d.  none  of  the  above 

3.  The  horizontal  centering  scale  on  the  Wang  document  formatting 
ruler  has  a  —  pitch  scale(s). 

a.  10 

b.  12 

c.  15 

d.  all  of  the  above 


4.  The  horizontal  centering  scale  should  be  used  to  set  the 
on  the  Print  Document  menu. 


a .  page  length 

b.  top  margin 

c.  right  margin 

d.  left  margin 


5.  The  vertical  centering  scale  is  used  to  determine  the  correct 
-  setting  for  the  Print  Document  menu. 


a. 

b. 


c. 

d. 


page  length 
top  margin 
right  margin 
left  margin 
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6.  The  number  of  lines  to  be  entered  under  page  length  on  the  Print 
Document  index  for  a  sheet  of  paper  8  1/2  x  13  would  be 

a.  66. 

b.  90. 

c.  78. 

d.  none  of  the  above 

7.  The  number  of  lines  to  be  entered  under  page  length  on  the  Print 
Document  index  for  a  business-size  envelope  (No.  10)  would  be 

a.  30. 

b.  25. 

c.  29. 

d.  none  of  the  above 

8.  To  move  into  the  format  line  from  the  fifth  line  below  the 
format  line,  you  press  • 

a.  SHIFT  and  COMMAND. 

b.  COMMAND  and  FORMAT. 

c.  SHIFT  and  FORMAT. 

d.  FORMAT  and  PAGE. 

9.  When  the  cursor  is  positioned  directly  under  the  first  character 

that  follows  the  format  line,  press  just  the  -  key  to  enter 

the  format  line  for  revisions. 

a.  FORMAT 

b.  PAGE 

•  c.  SHIFT 
d.  COMMAND 

10.  If  the  cursor  is  not  positioned  beneath  the  first  character 
following  the  format  line  when  you  press  FORMAT, 

a.  the  Primary  Format  line  will  be  changed. 

b.  a  new  Alternate  Format  line  will  be  created. 

c.  the  Format  line  preceding  the  character  will  be  deleted. 

d.  none  of  the  above 

11.  The  following  options  are  available  when  setting  vertical 
spacing. 

a.  single  spacing,  double  spacing,  triple  soacing 

b.  half  spacing,  quarter  spacing 

c.  one  and  one-half  spacing 

d.  all  of  the  above 
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12.  Tabs  may  be  deleted  while  in  the  format  line  by 

a.  moving  over  with  the  EAST  cursor  key. 

b.  moving  over  with  the  WEST  cursor  key. 

c.  deleting  with  the  DELETE  key. 

d.  spacing  over  with  the  space  bar. 

13.  When  using  a  12-pitch  print  wheel  and  a  line  length  of  72  to 

print  out  on  a  sheet  of  paper  8  1/2  x  11  inches,  you  would  set 
the  left  margin  at  -  on  the  Print  Document  menu. 

a.  12 

b.  15 

c.  7 

d.  none  of  the  above 

14.  Document  may  be  created  up  to  -  characters  wide  on  the  Wang 

OIS  60  word  processor. 

a.  160 

b.  150 

c.  140 

d.  none  of  the  above 

15.  Scrolling  allows  you  to 

a.  see  text  that  extends  beyond  the  normal  80  characters 
displayed  on  the  screen. 

b.  write  directly  on  the  screen  with  a  special  device 
called  a  mouse. 

c.  touch  the  screen  with  your  finger  when  editing  changes 
are  required. 

d.  none  of  the  above 

16.  The  CENTER  key  allows  you  to 

a.  center  text  automatically. 

b.  center  text  horizontally  on  the  screen. 

c.  both  a  and  b. 

d.  none  of  the  above. 

e.  all  of  the  above. 

17.  The  RETURN  key  allows  you  to 

a.  create  blank  lines  between  paragraphs. 

b.  end  paragraphs  and  short  lines. 

c.  end  a  format  instruction  and  set  the  line  length. 

d.  all  of  the  above 

e.  both  a  and  b 
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18. 

19. 

20. 

21. 

,1' 

22. 

23. 


The  TAB  key  allows  you  to 

a.  indent  the  first  line  of  a  paragraph. 

b.  type  columns  of  text  to  be  aligned  at  the  left. 

c.  all  of  the  above 

d.  none  of  the  above 

The  INDENT  key  is  used  to 

a.  indent  the  first  line  of  a  paragraph. 

b.  type  columns  of  text  to  be  aligned  at  the  left. 

c.  create  a  temporary  left  margin. 

d.  none  of  the  above 

The  DEC  TAB  key  is  used  to 

a.  align  text  at  the  left. 

b.  align  text  at  the  right  . 

c.  align  text  at  the  decimal. 

d.  both  a  and  c 

e.  both  b  and  c 

A  document  to  be  printed  on  a  sheet  of  paper  8  1/2  by  11  with  a 
one-inch  top  and  bottom  margin  would  most  usually  contain  — 
lines  of  text. 

a.  50 

b.  -66 

c.  54 

d.  none  of  the  above 

Blank  lines  and  page  numbers  located  at  the  top  of  a  document 
are  called 

a .  headers . 

b.  footers. 

c.  toppers. 

d.  none  of  the  above 

To  create  a  new  page  as  you  are  keyooarding, 

a.  press  PREV. 

b.  press  NEXT. 

c .  press  PAGE . 

d.  press  SHIFT  +  PAGE. 


18. 

19. 

20. 

21. 

I 

22. 

23. 


24.  To  delete  a  page  break  graphic, 


a.  position  the  cursor  beneath  the  graphic  and 
depress  PAGE . 

b.  position  the  cursor  beneath  the  graphic,  press  DELETE 
and  then  EXECUTE. 

c.  position  the  cursor  beneath  the  graphic  and  space  over 
with  the  space  bar. 

d.  all  of  the  above 
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FORMATTING 
POST  TEST  #1 


PART  II 


DIRECTIONS:  Type  the  article  that  follows.  Use  single  spacing  and  a  60 
space  line.  Set  a  tab  stop  at  five.  Correct  any  errors  you 
*mke  while  keyboarding  this  article.  Print  the  document 
summary  and  a  hard  copy. 


COMPUTER/PHONE  LINKS  PC’S 


The  Communications  CoSystem  from  Cygnet  Technologies,  Inc., 
Sunnyvale,  CA,  links  the  personal  computer  and  telephone  in  a  desktop 
system  for  use  by  virtually  any  business  person  or  professional.  A 
telecommunications  microcomputer  working  in  tandem  with  the  IBM 
Personal  Computer  or  compatibles,  it  automates  the  communications 
tasks  that  are  needed  for  local  area  networking  and  for  geographically 
dispersed  locations. 

*  n 

Users  can  communicate  via  their  personal  computers  over 
standard  telephone  lines.  Its  advanced  electronic  mail  system  provides 
point-to-point  communications  between  CoSystem-equipped  PC's  through 
standard  telephone  lines.  The  user  can  interrupt  an  application  on  the 
PC,  send  messages,  and  then  resume  processing.  Messages  can  be  sent 
and  received  while  the  telephone  is  in  use,  and  incoming  messages  are 
displayed  on  the  screen  and  stored  in  memory  or  on  a  diskette.  A  red 
indicator  light  flashes  when  a  message  has  not  been  received. 

Other  features  include  the  ability  to  automatically  send  messages 
simultaneously  to  a  number  of  different  recipients  on  a  distribution  list; 
notification  of  whether  the  message  was  received  and  filed  at  the 
intended  destination  point;  and  a  sophisticated  CRC-16  error-checking 
scheme  that  allows  transmission  of  virtually  error-free  data, 
including  programming  code  requiring  100  percent  accuracy. 


Source:  Unknown 
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PART  III 


DIRECTIONS:  Change  the  line  length  to  70,  the  vertical  spacing  to 

space  and  a  half,  and  paragraph  indentation  to  10.  Block 
indent  Paragraph  2.  Print  the  docuinent  summary  and  a  hard 

COPV. 


PART  IV 


DIRECTIONS:  Type  the  columnar  data  that  follows.  Center  the  title; 

use  double  spacing.  Leave  10  spaces  between  columns. 
Align  decimals.  Correct  any  errors  you  make  while 
keyboarding .  Print  the  document  summary  and  a  hard  copy. 


SOFTWARE  BEST  SELLERS 


Wordstar 

$495.00 

Apple,  CP/Kt,  MSDOS 

Multiplan 

250.00 

Apple,  CP/M,  MSDOS 

SuperCalc  III 

395.00 

Apple,  CP/M,  f^ISDOS 

Lotus  1-2-3 

495.00 

MSDOS,  TI 

PFS: Write 

125.00 

r^DOS,  TI 

Symphony 

695.00 

MSDOS 

SuperCalc  II 

295.00 

Apple,  CP/M,  MSDOS 

PFS: File 

125.00 

Apple,  I'lSDOS,  CP/M 

PFS : Report 

125.00 

Apple,  MSDOS,  TI 

SuperCalc 

295.00 

Apple,  MSDOS,  TeleVideo 

File  all  documents  created  and  editing  for  Guide  170. B. 6 

and  for  this  exam  to  your  diskette. 

Source  UnknoTxm 
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TASK: 


Edit  text  on  the  Wang  OIS  60  Information  Processing  System 


PURPOSE.  One  of  the  capabilities  of  most  word  processings  software 

programs  is  that  of  text  editing  or  manipulating  previously 
keyboarded  data.  Basic  editing  on  the  Wang  OIS  60  Information 
Processing  System  involves  the  functions  of  inserting,  deleting, 
rsplncing  text,  and  automatic  pagination.  In  this  guide  vou 
will  learn  how  to  perform  these  operations. 


INFORMATION  PROCESSING 


f Program 

Task 

Est.Time 

Prereq?\ 

V  soo 

170. B. 

10  hours 

I70.B. i-j 

no.B.sy 

LEARNING  CONTRACT  (optional) 


2.  TERMINAL  PERFORMANCE  OBJECTIVE 

Given  the.  needed  data,  supplies,  and  equipment,  edit  t^xt  on  the  Wang  OIS  60^ 
Information  Processing  System. 

To  master  this  task^  you  must  score  17  out  of  17  on  a  product  checklist  and 
score  13  out  of  15  on  a  written  exam.. 


3.  AGREEMENT 


requirement  within 


_  agree  to  complete  the  above  stated  terminal  performance 
to _  I  further  recognize  that  the  conditions  of  the 


contract  (performance  and  time  agreement)  report  my  ability  to  perform  the  requirements  of  the 
occupation  and  record  my  progress. 


Stuoent's  Signature 


Instructor  s  Signature 

(verifies  competency) 
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INTERMEDIATE 


OBJECTIVE  .1 


Insert,  delete,  and  strikeover  data  on  the  Wang  OIS  60  Information  Processing  System. 


LEARNING  STEPS  (Activities) 

1.  See  Resource  #1  to  edit  text  using 
strikeover. 


2.  To  highlight  and  dehighlight  text, 
see  Resource  #2. 


3.  To  review  editing  features  available 
on  the  Wang  OIS  60,  see  Resource 

#3. 

4.  To  improve  techniques  for  text 
editing  using  strikeover,  see 
Resource  #4. 

5.  See  Resource  #5  to  delete  text  on 
the  Wang  OIS  60. 

6.  To  insert  text  on  the  Wang  OIS  60, 
see  Resource  ?/6. 


7.  Complete  Resource  #7  to  learn  how 
to  correct  errors  while  inserting 

and  to  obtain  skill  in  the  use 
of  this  technique. 

8.  Proceed  to  Intermediate  Objective 

n. 


RESOURCES 

1.  Read  pages  7-1  to  7-6  in  your 
training  manual  -  BASIC  TEXT 
EDITING.  Complete  introductory 
exercise  as  instructed. 

2.  Read  instructions  and  complete 
exercises  as  directed  in  your 
training  manual  -  BASIC  TEXT 
EDITING. 

3.  Read  pages  7-14  to  7-15  in  your 
training  manual  -  BASIC  TEXT 
EDITING . 

4.  Complete  exercise  on  pages  7-16  to 
7-18  in  your  training  manual  - 
BASIC  TEXT  EDITING. 

5.  Complete  exercise  as  instructed  on 
pages  7—19  to  7—21  in  BASIC  TEXT 
EDITING. 

6.  Read  page  7-22  and  complete 
exercise  as  directed  on  page  7-23 
to  7-24  in  your  training  manual  - 
BASIC  TEXT  EDITING. 

7.  Read  page  7-25  to  7-28  and  complete 
exercise  as  directed  -  training 
manual  -  BASIC  TEXT  EDITING. 

8.  Guide  -  page  4. 
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LEARNING  STEPS  (Activities) 

1 .  To  replace  one  word  with  another 
on  the  Wang  OIS  60  Information 
Processing  System,  see  Resource  #1. 


2.  To  adjust  page  length  on  a  document 
on  the  Wang  OIS  60,  see  Resource  #2. 


3.  To  review  procedures  for  hasic- text 
editing  on  the  Wang,  see  Resource 
//3. 

A.  To  review  basic  text  editing  techni¬ 
ques,  see  Resource  //A. 

5.  Complete  Resource  #5  A.  and  B.  to 
check  your  understanding  of  the 
terminal  performance  objective 
and  to  measure  your  ability  to 
edit  documents  on  a  Wang  OIS  60' 
Information  Processing  System. 


RESOURCES 

1.  Read  page  7-29  to  7-31  in  your 
training  manual  -  BASIC  TEXT 
EDITING.  Complete  exercises  as 
directed  on  pages  7-31  to  7-38  in 
your  training  manual  -  BASIC 
TEXT  EDITING. 

2.  Read  page  7-39  in  your  training 
manual  -  BASIC  TEXT  EDITING. 

Complete  exercise  as  directed 
on  page  7-AO  to  7-A2. 

3.  Read  Information  Sheet  #1  on  guide 
pages  5  and  6. 

r 

A.  Complete  skill  building  exercise 
on  page  7-A6-7-A7  of  your  train¬ 
ing  manual  -  BASIC  TEXT  EDITING. 

5.  A.  Read  Product/Performance 

checklist  on  pages  7  and  8  of 
this  guide. 

B.  Complete  Criterion  Exam  170. B. 7. 
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BASIC  TEXT  EDITING 
170. B. 7 

INFORMATION  SHEET  #1 


To  edit  text  on  the  WANG  OIS  60  Information  Processing  System, 
it  is  necessary  to  highlight  the  text  you  wish  to  change.  This  may  be 
done  in  many  ways.  To  begin  the  editing  function,  depress  any  of  the 
four  editing  keys  listed  below. 

Editing  Keys  Delete,  Copy,  Move,  Rplc 


HIGHLIGHTING 

Any  of  the  following  keys  may  be  used  to  highlight  text.  Text 
will  be  highlighted  to  the  next  occurrence  of  the  character  depressed. 

Space  Bar  Indent  Key  Page  Center 

Dec  Tab  Return  Tab  South  Cursor  Key 

Next  Screen  Go  To  East  Cursor  Key 


DEHIGHLIGHTING 

The  BACKSPACE  KEY,  PREV  SCRN,  EAST  CURSOR  KEY,  AND  NORTH  CURSOR 
KEY  can  be  used  to  dehighlight  text. 


DELETE 

To  delete  text,  complete  the  following  steps. 

1.  Position  the  cursor  under  the  first  character  to  be 
deleted. 

2.  Press  DELETE. 

3.  Highlight  text. 

4.  Press  EXECUTE. 


INSERT 

To  insert  text  to  an  already  typed  document,  follow  the  steps 
listed  below. 

1.  Position  cursor  under  first  character  to  follow  insert, 

2.  Press  INSERT. 

3.  Type  text  to  be  added. 

4.  Press  EXECUTE. 

(Strikeover  must  be  used  to  correct  errors  made  while 
inserting. ) 


Program 

Task 

Page  ^ 

V  soo 

170.3.7 

5  ^ 

REPLACE 


Replace  is  used  when  you  want  to  delete  one  character  string  of 
text  and  replace  it  with  another.  For  instance,  a  vice  president  in 
your  company  has  retired  and  has  been  replaced.  You  wish  to  replace 
the  name  of  the  old  vice  president  with  the  name  of  the  new  vice 
president  in  a  document. 

1.  Position  cursor  under  first  character  to  be  replaced. 

2.  Press  RPLC. 

3.  Highlight  text  to  be  replaced. 

4.  Press  EXECUTE. 

5.  Type  new  text. 

6.  Press  EXECUTE. 


GLOBAL  REPLACE 

When  you  want  to  replace  a  word  that  might  occur  several  times 
in  the  same  document  with  another  word.  You  would  use  GLOBAL  REPLACE. 

1.  Position  cursor  under  first  character  to  be  replaced. 

2.  Hold  down  SHIFT  and  press  RPLC. 

3.  Highlight  text  to  be  replaced, 

4.  Press  EXECUTE. 

5.  Type  new  text.  r 

6.  Press  EXECUTE. 

7.  Hold  down  SHIFT  and  press  RPLC  again. 


AUTOMATIC  PAGINATION 

Automatic  pagination  will  automatically  end  pages  at  a  preset 
number  of  lines. 


1.  Go  to  the  top  of  page  1. 

2.  Press  COMMAND  and  then  PAGE. 

3.  Answer  the  prompt  with  the  number  of  lines  you  want  on  each 
page  -  usually  54. 

4.  Press  EXECUTE. 

5.  The  system  will  highlight  the  text  it  has  determined  should 
be  on  page  one.  You  can  either  lengthen  or  shorten  the  page 
by  positioning  the  cursor  under  the  first  character  of  the 
line  to  appear  on  the  next  page.  Press  EXECUTE. 


Source:  Wang  Laboratories 
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PERFORMANCE/PRODUCT  CHECKLIST 


Program: 


SECRETARIAL  OFFICE  OCCUPATIONS 


Task  No:  no.s.e 


Student’s  Name: _  Date  Of  Attempt: 

Evaluator’s  Name: _ _ _ Evaluation  Site:  _ 

Performance  Attempt:  12  3  4 


Terminal  Performance  Objective: 

Given  the  needed  data,  supplies,  and  equipment,  edit  text  on  the  Wang  OIS  60 
Information  Processing  System. 

To  master  this  task,  you  must  score  17  out  of  17  on  a  product  checklist  and 
score  13  out  of  15  on  a  written  exam. 

Directions  To  The  Student: 

Before  attempting  this  task  for  mastery,  carefully  review  this  checklist.  You  will  be  eval¬ 
uated  on  the  basis  of  this  checklist.  When  you  feel  you  are  ready  for  evaluation,  contact  your 

instructor.  You  must  complete  your  performance  within - 6^ - minutes  and  must 

score  at  17  nutof  17  pnintsor _ 100 - %  for  mastery.  Critical 

items  are  marked  with  an  asterisk  (*).  These  items  must  be  satisfactorily  completed. 


Directions  To  The  Evaluator: 


I 


The  student  will  contact  you  when  ready  for  the  evaluation.  The  student  must  complete 

the  performance  within  __^0___  minutes  and  must  score - Li - outofli - 

points  nr  100 _ %  and  all  items  marked  with  an  asterisk  (*)  must  be  satisfactorily 

completed. 
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PERFORMANCE/PRODUCT  CHECKLIST 


17Q.B.7 


YES  NO 

_ _  Title  centered  in  all  caps 

_  Secondary  heading  centered 

_ _  Double  spaced  between  main  and  secondary  heading 

_ _ _  Triple  spaced  after  secondary  heading 

_  Body  of  document  double  spaced  except  where  indicated 

_  Line  length  -  70 

_  Paragraphs  indented  5  spaces 

I 

_  Minimum  of  1-inch  top  and  bottom  margin 

_  Left  and  right  margin  even 


Editing  changes  made  as  indicated  below 

_  Paragraphs  4,  5,  6  single  spaced  and  block  indented 

_  Paragraph  beginning  "The  Over controller"  moved  as 

indicated 

_  "in"  removed 

_  Paragraph  beginning  "But  sometimes,  say  Lopez,"  deleted 

_  Paragraph  beginning  "A  typical  corporate  executive:" 

inserted  as  indicated 

All  keyboarding  errors  corrected 

_ _  Document  summaries  printed 

_ _  Hard  copies  printed 
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informationaord  processing 

SECRETARIAL  OFFICE  OCCUPATIONS 
CRITERION  EXAM 

TASK  170.B.7 

The  purpose  of  this  exam  is  to  determine  whether  or  not  you  have  under¬ 
stood  the  information  presented  on  editing  text  on  a  Wang  OIS  60 
Information  Processing  System. 


Directions’: 


PART  I 

Circle  the  letter  T  if  the  answer  is  true;  if  the  answer  is 
false,  circle  the  letter  F.  A  minimum  score  of  90  percent  is 
required. 

PART  II 

Keyboard  the  document  as  directed.  Follow  all  instructions  given 
for  formatting  the  text.  Correct  any  errors  made.  Print  a  hard 
copy  and  a  document  summary.  A  maximum  time  of  50  minutes  will  be 
allowed  to  complete  this  part  of  the  examination. 

PART  III 

Make  editing  changes  indicated.  Print  a  document  summary  and  a 
hard  copy.  A  maximum  time  of  10  minutes  will  be  allowed  to  make 
needed  changes. 
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PART  I 


DIRECTIONS:  Choose  the  best  answers.  Write  your  answer  on  the  blank 
space  to  the  left  of  the  question. 


BASIC  TEXT  EDITING 
170. B. 7 


1.  To  highlight  text  to  the  end  of  a  paragraph  when  you  are  at 

the  first  character  in  the  paragraph,  press 

1.  tab. 

2.  space. 

3.  paragraph. 

4.  return. 

2.  To  dehighlight  text,  press 

1.  dehighlight  key. 

2.  the  return  key. 

3.  backspace  key. 

4.  none  of  the  above. 


3.  The  copy  key  is  used  when  you  what  to 

1.  move  text. 

2.  make  an  exact  duplicate  of  text  on 
the  screen. 

3 .  delete  text . 

4.  none  of  the  above. 


4.  The  move  key  is  used  when  you  what  to 

'  1.  duplicate  text  and  leave  the  original  text  in  tact. 

2.  delete  the  original  text  and  position  it  at  another 
place  in  the  document. 

3.  delete  a  specific  amount  of  text. 

4.  none  of  the  above. 


5.  If  you  decide  that  you  do  not  want  to  complete  an  editing 
function  that  has  been  started,  press 


1.  EXECUTE 

2.  COMMAND 

3.  DELETE 

4.  CANCEL 
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6.  Strikeover  should  be  used  when  you  want  to 

1.  replace  one  word  with  another  of  the  same 
length 

2.  replace  one  word  with  a  longer  word. 

3.  delete  a  large  amount  of  text. 

4.  insert  a  large  amount  of  text. 

7.  Most  screen  graphics  may  be  deleted  using 

1.  the  delete  key. 

2.  the  strikeover  method. 

3.  both  1  and  2. 

4.  none  of  the  above. 


8.  To  add  text  to  a  previously  typed  document,  it  is  best  to 
use  the  -  key. 


1.  INSERT 

2 .  DELETE 

3 .  CANCEL 

4.  COMMAWD^^ 

9.  To  remove  an  indent  graphic,  position  the  cursor  under  the 

graphic,  depress  - -  and  then  execute. 

1.  INSERT 

2.  DELETE 

3.  CANCEL 

4.  RPLC 

10.  When  you  want  to  replace  a  number  of  characters  with  a 

number  of  unequal  characters,  it  is  best  to  use  the 
-  key. 


1.  INSERT 

2.  RPLC 

3.  CANCEL 

4.  COMMAND 


11.  _ automatically  replaces  every  instance  of  a  defined 

sequence  of  characters  with  another  defined  sequences 
of  characters. 


1.  GLOBAL  SRCH 

2.  SRCH 

3 .  GLOBAL  RPLC 

4.  RPLC 
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12.  To  set  the  length  of  a  page  at  54  lines,  press  PAGE  and 

type 

1.  66  then  54. 

2.  54  then  66. 

3.  66. 

4.  54. 

13.  To  automtically  paginate  a  document,  press - - 

then  type  the  number  of  lines  per  page. 

1.  SHIFT  and  PAGE. 

2.  SHIFT  and  COMMAND. 

3.  PAGE  and  SHIFT. 

4.  COMMAND  and  PAGE. 

14.  If  the  last  line  of  highlighted  text  indicated  a  page  break 

during  automatic  pagination  is  not  at  a  logical  point, 
press  the  -  key  to  choose  a  logical  page  break. 

1.  North  Cursor  Key 

2.  South  Cursor  Key 

3.  Either  of  the  above  whichever  is  appropriate 

4.  None  of  the  above 

15.  Choose  the  key  from  those  listed  below  which  will  move  the 

cursor  forward  in  one  stroke  to  the  desired  position. 

You  are  at  the  beginning  of  the  first  word  in  a 
paragraph  and  wish  to  highlight  text  to  the  space  at 
the  end  of  that  word. 

1.  SPACE  BAR 

2.  RETURN  KEY 

3 .  PERIOD 

4.  NONE  OF  THE  ABOVE 
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INSTRUCTIONS 

Key  in  the  following  exercise.  Print  the  document  suimnary  and  a  hard 
copy  of  this  document.  After  completion,  proofread  your  document  and 
complete  the  corrections  as  indicated  on  the  following  page. 

FORMAT  REQUIREMENTS: 

Vertical  Line  Spacing  =  2,  Tab  5,  Line  length  65 


IRRATIONALITY  AT  THE  TOP 
Executives  often  don't  rule  by  reason 


Who  are  the  irrational  executives?  Adolf  Hitler  is  a  good 
example,  says  psychoanalyst  Abraham  Zeleznik  of  Harvard  Business 
School.  "The  charismatic  leader  is  the  exact  opposite  of  the 
'rational'  manager,"  he  continues.  "Too  much  emotionality  comes  into 
play.  Under  the  sway  of  the  charismatic  effect,  both  bosses  and  their 
subordinates  can  lose  their  independent  capacity  for  making  judgments. 
People  identify  with  charismatic  leaders,  which  results  in  a  great 
deal  of  cohesion  and  a  sense  of  solidarity." 

Harry  Levinson,  head  of  the  Levinson  Institute,  an  association 
of  clinical  psychologists  and  physicians  in  Belmont,  Massachusetts, 
says  the  irrational  executive  chooses  his  occupational  role  to  fit  his 
unconscious  psychological  needs.  He  describes  a  few  widely  prevalent 
types: 

The  Perfectionist  relentlessly  drives  subordinates  to  support 
his  impossibly  lofty  goals  while  treating  them  with  condescension  and 
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contempt.  The  result  is  a  demoralized  staff  that  may  burn  out  because 
of  his  obsession' 

The  Entrepreneur  can't  lead  the  organization  he  creates,  nor  can 
he  allow  others  to  rise  as  possible  successors  to  make  creative 
contributions.  He  wants  to  invent  new  products,  yet  unconsciously 
fears  being  outshone.  Apple  computer  points  out  Levinson,  foresaw  such 
a  predicament  and  hired  an  outside  executive  to  manage  the  company. 
This  freed  the  entrepreneurs  from  their  anxieties  and  allowed  them  to 
be  imaginative. 

The  Overcontroller  invites  ideas,  yet  ignores  them.  A  common 
order  is  "Don't  discuss  it,  just  do  it."  He  takes  jobs  that  require 
compulsive,  meticulous  work  and  easily  climbs  the  corporate  ladder. 

But  his  domineering  attitude  eventually  alienates  his  staff. 

According  to  psychiatrist  Philip  Mechanick,  of  the  University  of 
Pennsylvania  School  of  Medicine,  the  irrational  executive  mav  develop 
inappropriate  relationships  with  his  coworkers.  "One  executive  in  the 
throes  of  a  major  business  decision  became  neurotically  needful  of  his 
partner's  approval,"  he  notes.  "Instead  of  dealing  with  the  situation 
in  objective,  realistic  terms,  he  acted  to  please  his  associate,  which 
was  grossly  at  variance  with  the  interests  of  the  enterprise." 

An  irrational  executive  "loses  his  ability  to  look  at  people  in 
terms  of  their  real  roles  and  regards  an  individual  subordinate  or  a 
small  group  of  them  in  terms  of  what  he  needs  emotionally,"  Mechanick 
explains.  "No  executive  is  entitled  to  expect  his  subordinates  to  look 
after  him.  Nixon  apparently  depended  on  a  couple  of  inside-track 
cronies,  and  he  followed  their  advice  blindly.  In  in  the  end,  he  was 
done  in . " 
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What  can  corporations  do  about  irrational  executives?  Since  mny 
of  the  culprits  prove  unable  to  change,  Felix  Lopez,  author  of  The 
Making  of  a  Manager,  recommends  a  variety  of  solutions,  varying  from 
counseling  to  changing  jobs.  "One  of  my  clients  was  a  highly  competent 
engineer  who,  when  moved  up  to  chief  of  engineering,  began  trying  to 
do  everything  himself.  He  refused  to  delegate  tasks,  incurred  the 
hatred  of  his  staff  and  criticized  top  management."  For  this 
particular  executive,  a  reassignment  seemed  the  only  sensible  answer. 

But  sometimes,  says  Lopez,  "trying  to  reform  a  person  poorly 
suited  to  an  executive  position  is  futile."  Sadly,  "only  fifteen  to 
twenty  percent  of  executives  are  truly  effective.  A  better  way  to  head 
off  trouble  would  be  to  identify  potentially  gifted  executives  early 

and  nurture  them,"  thus  creating  a  larger  supply  of  competent  people 

in  top  management.  IBM  and  General  Electric,  to  give  two  examples, 
already  have  a  policy  of  bringing  promising  people  along. 

But  sometimes,  says  Lopez,  "trying  to  reform  a  person  poorly 
suited  to  an  executive  position  is  futile."  Sadly,  "only  fifteen  to 
twenty  percent  of  executives  are  truly  effective.  A  better  way  to  head 
off  trouble  would  be  to  identify  potentially  gifted  executives  early 

and  nurture  them,"  thus  creating  a  larger  supply  of  competent  people 

in  top  management.  IBM  and  General  Electric,  to  give  two  examples, 
already  have  a  policy  of  bringing  promising  people  along. 

Douglas  LaBier,  a  psychoanalyst  at  the  Project  on  Technology, 
Work  and  Character  in  Washington,  D.  C.,  suggests  that  the  focus 
should  be  on  the  organization  as  well  as  on  the  individual  executive. 

"Companies  may  support  and  develop  irrational  attitudes.  People 
with  certain  emotional  disturbances  -  grandiosity,  narcissism  or 


Program 

Task 

Page 

V  soo 

170. B. 7 

^  J 

sadomasochism,  for  example  -  can  become  successful  executives.  While 
considered  pathologically  sick,  they  function  normally  because  their 
symptoms  are  adaptive,  reinforced  or  actually  required  by  their  job 
and  its  demands." 

Changing  attitudes  toward  success  may  soon  make  irrational 
bosses  a  thing  of  the  past,  however.  "Today,  young  executives  want 
personal  fulfillment  and  good  health."  LaBier  observes.  "They  are 
willing  to  be  on  a  slower  track.  For  them,  a  sense  of  accomplishment 
is  more  important  than  money." 
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Start  time 


(10)  Stop  time 


INSTRUCTIONS 


Execute  the  following  indicated  revisions.  Print  a  document  suinmary 
and  a  hard  copy  after  all  revisions  have  been  made. 

FORMAT  REQUIREMENTS: 

Vertical  Line  Spacing  =  2,  Tab  5,  Line  length  70,  Top  and  bottom 


margins  -  minimum  of  1  inch 


IRRATIONALITY  AT  THE  TOP 


Executives  often  don't  rule  by  reason 


Who  are  the  irrational  executives?  Adolf  Hitler  is  a  good 
example,  says  psychoanalyst  Abraham  Zeleznik  of  Harvard  Business 
School.  "The  charismatic  leader  is  the  exact  opposite  of  the 
'rational'  manager,"  he  continues.  "Too  much  emotionality  comes  into 
play.  Under  the  sway  of  the  charismatic  effect,  both  bosses  and  their 
subordinates  can  lose  their  independent  capacity  for  making  judgments. 
People  identify  with  charismatic  leaders,  which  results  in  a  great 
deal  of  cohesion  and  a  sense  of  solidarity." 

Harry  Levinson,  head  of  the  Levinson  Institute,  an  association 
of  clinical  psychologists  and  physicians  in  Belmont,  Massachusetts, 
says  the  irrational  executive  chooses  his  occupational  role  to  fit  his 
unconscious  psychological  needs.  He  describes  a  few  widely  prevalent 
types: 

The  Perfectionist  relentlessly  drives  subordinates  to  support 
his  impossibly  lofty  goals  while  treating  them  with  condescension  and 


contempt.  The  result  is  a  demoralized  staff  that  may  burn  out  because 


of  his  obsession 


The  Entrepreneur  can't  lead  the  organization  he  creates,  nor  can 
he  allow  others  to  rise  as  possible  successors  to  make  creative 
contributions.  He  wants  to  invent  new  products,  yet  unconsciously 
fears  being  outshone.  Apple  computer  points  out  Levinson,  foresaw  such 
a  predicament  and  hired  an  outside  executive  to  manage  the  company. 
This  freed  the  entrepreneurs  from  their  anxieties  and  allowed  them  to 
(j  imaginative. 

The  Over controller  invites  ideas,  yet  ignores  them.  A  common 
>rder  is  "Don't  discuss  it,  just  do  it."  He  takes  jobs  that  require 
[compulsive,  meticulous  work  and  easily  climbs  the  corporate  ladder. 
lut  his  domineering  attitude  eventually  alienates  his  staff. 

According  to  psychiatrist  Philip  Mechanick,  of  the  University  of 


Pennsylvania  School  of  Medicine,  the  irrational  executive  may  develop 
inappropriate  relationships  with  his  coworkers.  "One  executive  in  the 
throes  of  a  major  business  decision  became  neurotically  needful  of  his 
partner's  approval,"  he  notes.  "Instead  of  dealing  with  the  situation 
in  objective,  realistic  terms,  he  acted  to  please  his  associate,  which 
was  grossly  at  variance  with  the  interests  of  the  enterprise." 

An  irrational  executive  "loses  his  ability  to  look  at  people  in 
terms  of  their  real  roles  and  regards  an  individual  subordinate  or  a 
small  group  of  them  in  terms  of  what  he  needs  emotionally, "  Mechanick 
explains.  "No  executive  is  entitled  to  expect  his  subordinates  to  look 
after  him.  Nixon  apparently  depended  on  a  couple  of  inside-crack 
cronies,  and  he  followed  their  advice  blindly, 
done  in . " 
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What  can  corporations  do  about  irrational  executives?  Since  many 
of  the  culprits  prove  unable  to  change,  Felix  Lopez,  author  of  The 
Making  of  a  Manager,  recommends  a  variety  of  solutions,  varying  from 
counseling  to  changing  jobs.  "One  of  my  clients  was  a  highly  competent 
engineer  who,  when  moved  up  to  chief  of  engineering,  began  trying  to 
do  everything  himself.  He  refused  to  delegate  tasks,  incurred  the 
hatred  of  his  staff  and  criticized  top  management."  For  this 
particular  executive,  a  reassignment  seemed  the  only  sensible  answer. 

But  sdtiietimes,  says  Lopez,  "trying  to  reform  a  personoecfly 
suited  to  an  exeaJbo^  position  is  futile."  Sadly^^.>lfuy  fifteen  to 
twenty  percent  of  executi^^ss  are  truly  eff^^a<f^^.  A  better  way  to  head 
off  trouble  would  be  to  identif^^^^^ntially  gifted  executives  early 
and  nurture  them,"  thus^pr^ating  a  lar^^»i;^^supply  of  competent  people 
in  top  manageippwtf;  IBM  and  General  Electricv'<o  give  two  examples , 
alreads*'’^ve  a  policy  of  bringing  promising  peopleNklpng . 

But  sometimes,  says  Lopez,  "trying  to  reform  a  person  poorly 
suited  to  an  executive  position  is  futile."  Sadly,  "only  fifteen  to 
twenty  percent  of  executives  are  truly  effective.  A  better  way  to  head 
off  trouble  would  be  to  identify  potentially  gifted  executives  early 
and  nurture  them,"  thus  creating  a  larger  supply  of  competent  people 
in  top  management.  IBM  and  General  Electric,  to  give  two  examples, 
already  have  a  policy  of  bringing  promising  people  along. 

Douglas  LaBier,  a  psychoanalyst  at  the  Project  on  Technology, 
Work  and  Character  in  Washington,  D.  C.,  suggests  that  the  focus 

« 

should  be  on  the  organization  as  well  as  on  the  individual  executive. 

"Companies  may  support  and  develop  irrational  attitudes.  People 
with  certain  emotional  disturbances  -  grandiosity,  narcissism  or 
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sadomasochism,  for  example  -  can  become  successful  executives.  While 
considered  pathologically  sick,  they  function  normally  because  their 
symptoms  are  adaptive,  reinforced  or  actually  required  by  their  job 
and  its  demands." 

Changing  attitudes  toward  success  may  soon  make  irrational 
bosses  a  thing  of  the  past,  however.  "Today,  young  executives  want 
personal  fulfillment  and  good  health."  LaBier  observes.  "They  are 
willing  to  be  on  a  slower  track.  For  them,  a  sense  of  accomplishment 
is  more  important  than  money. 
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Directions:  This  is  the  final  printout  of  your  test.  Check  your  copy 
against  the  copy  that  follows.  Make  any  needed  changes  in 
your  copy  before  handing  it  in.  Margins  and  page  length 
may  vary  slightly ,  File  your  final  copy  to  diskette , 


IRRATIONALITY  AT  THE  TOP 
Executives  often  don't  rule  by  reason 

A  typical  corporate  executive:  Is  he  rational,  logical, 

sensible,  dependable?  An  ideal  leader,  decision  maker  and  manager?  Not 
necessarily,  writes  psychoanalyst  Manfred  Kets  de  Vries  in  The 
Irrational  Executive,  an  anthology  published  in  May  by  International 
Universities  Press.  When  stakes  and  salaries  are  high,  bosses  behave 
less  like  sterotypical  leaders  and  more  like  human  animals.  Kets  de 
Vries  and  others  are  now  scrutinizing  aberrant  executive  behavior  with 
an  eye  to  finding  a  way  to  tame  it. 

Who  are  the  irrational  executives?  Adolf  Hitler  is  a  good 
example,  says  psychoanalyst  Abraham  Zeleznik  of  Harvard  Business 
School.  "The  charismatic  leader  is  the  exact  opposite  of  the 
'rational'  manager,"  he  continues.  "Too  much  emotionality  comes  into 
play.  Under  the  sway  of  the  charismatic  effect,  both  bosses  and  their 
subordinates  can  lose  their  independent  capacity  for  making  judgments. 
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PeoplG  idontify  with  charisinatic  l©ad6rs,  which  rGsults  in  a  graat 
deal  of  cohesion  and  a  sense  of  solidarity." 

Harry  Levinson,  head  of  the  Levinson  Institute,  an  association 
of  clinical  psychologists  and  physicians  in  Belmont,  Massachusetts, 
says  the  irrational  executive  chooses  his  occupational  role  to  fit  his 
unconscious  psychological  needs.  He  describes  a  few  widely  prevalent 
types: 


IJie  Perfectionist  relentlessly  drives  subordinates  to  support 
his  impossibly  lofty  goals  while  treating  them  with 
condescension  and  contempt.  The  result  is  a  demoralized  staff 
that  may  burn  out  because  of  his  obsession 

The  Over controller  invites  ideas,  yet  ignores  them.  A  common 
order  is  "Don't  discuss  it,  just  do  it."  He  takes  jobs  that 
require  compulsive,  meticulous  work  and  easily  climbs  the 
corporate  ladde^_  But  his  domineering  attitude,  eventually 
alienates  his^“sbeH.  - 

The  Entrepreneur  can ' t  lead  the  organization  he  creates ,  nor  can 
he  allow  others  to  rise  as  possible  successors  to  make  creative 
contributions.  He  wants  to  invent  new  products,  yet 
unconsciously  fears  being  outshone.  Apple  computer  points  out 
Levinson,  foresaw  such  a  predicament  and  hired  an  outside 
executive  to  manage  the  company.  This  freed  the  entrepreneurs 
from  their  anxieties  and  allowed  them  to  be  imaginative. 

According  to  psychiatrist  Philip  Mechanick,  of  the  University  of 

Pennsylvania  School  of  Medicine,  the  irrational  executive  may  develop 

inappropriate  relationships  with  his  coworkers.  "One  executive  in  the 

throes  of  a  major  business  decision  became  neurotically  needful  of  his 

partner  s  approval,"  he  notes.  "Instead  of  dealing  with  the  situation 

in  objective,  realistic  terms,  he  acted  to  please  his  associate,  which 

was  grossly  at  variance  with  the  interests  of  the  enterprise," 

Ari  irrational  executive  "loses  his  ability  to  look  at  oeoDle  in 

terms  of  their  real  roles  and  regards  an  individual  subordinate  or  a 

small  group  of  them  in  terms  of  what  he  needs  emotionally,"  Mechanick 
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explains.  "No  executive  is  entitled  to  expect  his  subordinates  to  look 
after  him.  Nixon  apparently  depended  on  a  couple  of  inside-track 
cronies,  and  he  followed  their  advice  blindly.  In  the  end,  he  was  done 

in." 

What  can  corporations  do  about  irrational  executives?  Since  many 
of  the  culprits  prove  unable  to  change,  Felix  Lopez,  author  of  The 
Making  of  a  Manager,  recommends  a  variety  of  solutions,  varying  from 
counseling  to  changing  jobs.  "One  of  my  clients  was  a  highly  competent 
engineer  who,  when  moved  up  to  chief  of  engineering,  began  trying  to 
do  everything  himself.  He  refused  to  delegate  tasks,  incurred  the 
hatred  of  his  staff  and  criticized  top  management."  For  this 
particular  executive,  a  reassignment  seemed  the  only  sensible  answer. 

But  sometimes,  says  Lopez,  "trying  to  reform  a  person  poorly 
suited  to  an  executive  position  is  futile."  Sadly,  "only  fifteen  to 
twenty  percent  of  executives  are  truly  effective.  A  better  way  to  head 
off  trouble  would  be  to  identify  potentially  gifted  executives  early 
and  nurture  them,"  thus  creating  a  larger  supply  of  competent  people 
in  top  management.  IBM  and  General  Electric,  to  give  two  examples, 
already  have  a  policy  of  bringing  promising  people  along. 

Douglas  LaBier,  a  psychoanalyst  at  the  Project  on  Technology, 
Work  and  Character  in  Washington,  D.  C. ,  suggests  that  the  focus 
should  be  on  the  organization  as  well  as  on  the  individual  executive, 

"Companies  may  support  and  develop  irrational  attitudes.  People 
with  certain  emotional  disturbances  -  grandiosity,  narcissism  or 
sadomasochism,  for  example  -  can  become  successful  executives.  While 
considered  pathologically  sick,  they  function  normally  because  their 
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symptoms  are  adaptive,  reinforced  or  actually  required  by  their  job 
and  its  demands . " 

Changing  attitudes  toward  success  may  soon  make  irrational 
bosses  a  thing  of  the  past,  however.  "Today,  young  executives  want 
personal  fulfillment  and  good  health."  LaBier  observes.  "They  are 

^  slower  track.  For  them,  a  sense  of  accomplishment 
is  more  important  than  money." 
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TASK: 


Copy  and  move  text  on  a  Wang  OIS  60  Information  Processing  System 


PURPOSE:  IThen  making  text  revisions,  it  may  be  necessary  to  move  a  para¬ 
graph  from  one  place  within  a  document  to  another  place.  If 
two  paragraphs  or  lists  of  data  are  almost  identical,  you  might 
find  it  easier  to  make  a  copy  of  the  paragraph  that  has  been 
keyboarded  and  then  make  the  needed  changes .  The  Wang  allows 
you  to  perform  these  functions  with  just  a  few  simple  keystrokes. 


INFORflATION  PROCESSING 
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Prereq/^ 
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9 

6  hours 

170.3.1-1 

170.3. 7y 

LEARNING  CONTRACT  (optional) 


2.  TERMINAL  PERFORMANCE  OBJECTIVE 

Given  the  needed  information,  supplies,  and  equipment,  copy  and  move  text 
on  the  Wang  OIS  60  Information  System. 


To  measure  your  ability  to  perform  this  task,  you  must  answer  correctly  9 
out  of  10  questions  on  a  written  exam  and  score  22  out  of  22  on  a  product 
checklist . 
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INTERMEDIATE  OBJECTIVE 


#1 


Copy  and  move  text  on  tli  tWang  OIS  60  Information  Processing  System. 


LEARNING  STEPS  (Activities) 

1.  Read  Resource  //I  to  learn  how  and 
when  to  copy  and  move  text. 

2.  To  move  text  on  the  Wang  OIS  60, 
see  Resource  //2. 


3.  See  Resource  #3  to  copy  and  move 
text  within  _a  document. 

4.  Complete  Resource  /M  to  learn  how 
to  move  and  copy  text  from  one 
document  to  another  document . 

5.  To  copy  and  move  text  to  another 
document,  see  Resource  #5. 

6.  To  review  procedures  for  copying 
and  moving  text,  see  Resource  #6. 

7 .  To  gain  additional  skill  in  copying 
and  moving  data,  see  Resource  f/7. 

8.  To  measure  your  understanding  of 
the  terminal  performance  objective 
and  your  ability  to  copy  and  move 
text,  see  Resource  3A  and  8B. 


RESOURCES 

1»  Page  8-11  to  8-13  in  your  train¬ 
ing  manual  -  COPYING  AND  MOVING 
TEXT. 

2.  Read  instructions  and  complete 
exercise  on  pages  8-3  to  8-10  in 
your  training  manual  -  COPYING 
AND  MOVING  TEXT. 

3.  Read  instructions  and  complete 
exercises  on  pages  8-14  to  8-23  in 
COPYING  AND  MOVING  TEXT. 

4 .  Read  page  8-24  in  your  training 
manual  -  COPYING  AND  MOVING  TEXT. 


5.  Complete  exercises  as  directed  on 
pages  8-25  to  8-26  in  COPYING  AND 
MOVING  TEXT. 

6 .  Read  pages  4  and  5  in  your  guide  - 
Information  Sheet  #1  -  170.B.8. 

7.  Complete  exercises  as  directed  on 
pages  8-29  to  8-45  in  COPYING  AND 
MOVING  TEXT. 

8.  A.  Read  pages  6  and  7  in  this 

guide  -  Product/Perf ormance 
Checklist  170. B. 8. 

8.  B.  Complete  Criterion  Exam  170.3.3. 
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COPYING  AND  MOVING  TEXT 
INFORMATION  SHEET  #1 
170. B. 8 


COPY 


Copy  allows  the  operator  to  make  an  exact  copy  of  a  word, 
sentence,  paragraph,  or  any  segment  of  text  and  position  that  exact 
copy  anywhere  he/she  chooses  within  a  document.  The  original  word, 
sentence,  or  paragraph  remains  intact.  To  make  an  exact  copy  of  text, 
follow  these  steps: 


1.  Position  cursor  under  first  character  to  be  copied. 

2.  Press  COPY. 

3.  Press  the  FORMAT  key  if  the  format  line  is  to  be  copied. 

4.  Highlight  text. 

5.  Press  EXECUTE. 

6.  Position  cursor  at  point  where  you  wish  to  recall 
duplicate  copy  of  text;  press  EXECUTE, 


SUPER  COPY 

Super  copy  allows  you  to  make  an  exact  copy  of  text  and 
position  that  text  in  a  new  document.  Follow  the  steps  listed  below 
when  super  copying  text. 


1.  Position  cursor  in  newly  created  document  (destination 
document ) . 

2.  Hold  down  the  SHIFT  KEY  and  press  COPY. 

3.  Enter  Document  ID  of  document  to  be  copied  -  the  source 
document. 

4.  Position  cursor  under  first  character  to  be  super 
copied. 

5.  Press  EXECUTE. 

6.  Press  FORMAT  if  format  line  is  to  be  copied. 

7.  Highlight  text. 

8.  Press  EXECUTE. 


MOVE 


The  move  function  deletes  text  from  its  original  position  and 
moves  it  to  a  new  position  within  the  same  document.  To  move  text, 
follow  the  steps  listed  below. 


1.  Position  cursor  under  first  character  to  be  moved. 

2.  Press  MOVE. 

3.  Press  FORMAT  if  the  format  line  is  to  be  moved. 

4.  Highlight  text, 

5.  Press  EXECUTE. 

6.  Position  cursor  at  position  where  you  wish  to  recall 
text .  Press  EXECUTE . 
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SUPER  MOVE 

Super  Move  deletes  text  from  its  source  document  and  moves  it 
to  an  entirely  new  document  -  the  destination  document.  Following  the 
steps  listed  below  will  enable  you  to  super  move  text. 


1.  Position  cursor  in  destination  document  (newly  created 
document)  where  text  is  to  be  moved. 

2.  Hold  down  the  SHIFT  KEY  and  press  the  MOVE  key. 

3.  Enter  the  source  document  ID#. 

4.  Position  cursor  under  first  character  to  be  super  moved. 

5.  Press  EXECUTE. 

6.  Press  FORMAT  if  the  format  line  is  to  be  moved. 

7.  Highlight  text  to  be  moved. 

8.  Press  EXECUTE. 


Source:  Wang  Laboratories 
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PERFORMANCE/PRODUCT  CHECKLIST 


Program:  secretarial  office  occupations 

Task  No:  170. b. 8 

Student’s  Name:  _ _ _  Date  Of  Attempt: 

Evaluator’s  Name: _ —  Evaluation  Site:  - 

Performance  Attempt:  12  3  4 


Terminal  Performance  Objective: 

Given  the  needed  Information,  supplies,  and  equipment,  copy  and  move  text 
on  the  Wang  01 S  60  Information  System. 

V 

To  measure  your  ability  to  perfrom  this  task,  you  must  answer  correctly  9 
out  of  10  questions  on  a  written  exam  and  score  22  out  of  22  on  a  product 
checklist. 

Directions  To  The  Student: 

Before  attempting  this  task  for  mastery,  carefully  review  this  checklist.  You  will  be  eval¬ 
uated  on  the  basis  of  this  checklist.  When  you  feel  you  are  ready  for  evaluation,  contact  your 

instructor.  You  must  complete  your  performance  within - - minutes  and  must 

score  22  22  points  or _ LOO - %  for  mastery.  Critical 

items  are  marked  with  an  asterisk  (*).  These  items  must  be  satisfactorily  completed. 


Directions  To  The  Evaluator: 


The  student  will  contact  you  when  ready  for  the  evaluation.  The  student  must  complete 

the  performance  within  _ minutes  and  must  score — 22 - out  of — 22 - 

points  or__J£2_%  and  all  items  marked  with  an  asterisk  (*)  must  be  satisfactorily 
completed. 
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Yes  No 


Part  H 


PERFORMANCE/PRODUCT  CHECKLIST 

170. B. 8 


_  Vertical  spacing  is  1 
Tab  stop  at  7 
Line  length  75 
Text  keyboarded  as  shown 
Document  summary  printed 
Hard  copy  printed 


Part  m 

Vertical  spacing  is  1 
^  Tab  stop  at  10 

^  Line  length  65 

-  -  Text^i^^xDarded  as  shown 

■■  Title  centered  and  followed  by  a 

space 

-  .  Last  paragraph  moved  as  directed 

- L„  "undisclosed"  inserted  as  directed 

-  "expand"  corrected 

i 

-  I  "skinny"  corrected 

_ "calorimeter"  corrected 

_ Document  summary  printed 

-  Hard  copy  printed 


Part  V 

destination  document  created 

- -  Radical  Test  to  Count  Calories 

supercooled  ^ 

_ Document  summary  printed 

Hard  copy  printed 
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INFORMATION  PROCESSING 
SECRETARIAL  OFFICE  OCCUPATIONS 
CRITERION  EXAM 
170.B.8 


The  purpose  of  this  exam  is  to  determine  whether  or  not  you  have 
understood  the  procedures  for  copying  and  moving  text  on  a  Wang  OIS 
60  Mormation  Processing  System. 

DIRECTIONS; 

Written  Exam 

Write  answers  as  directed  on  Part  I  of  this  test,  A  minimum  score  of  90 
percent  (9  answer  correct)  is  required  to  pass  this  part  of  the  exam. 


Performance 

Keyboard  the  document  as  directed  in  Part  H  of  this  exam.  Make 
changes  as  indicated  in  Part  lEL  Check  your  printout  in  Part  JR  with 
the  example  shown  in  Part  IV.  Make  any  necessary  corrections. 

Make  a  super  copy  as  directed  in  Part  V  of  this  exam.  Part  IV  and  V 
must  be  100  percent  accurate. 
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COPYING  AND  MOVING  TEST 
POST  TEST  1 
170. B. 8 


PART  I 


DIRECTIONS:  Circle  T  if  the  answer  is  true;  circle  false  if  the 
answer  is  false. 


T  F 

T  F 

T  F 

T  F 
T  F 


1.  When  you  copy  text  using  the  copy  key,  the  original  text 
remains  in  place. 

2.  When  you  move  test  using  the  move  key,  you  remove  text  from 
its  original  position  and  position  it  in  another  place. 

3.  To  begin  the  copy  or  move  function,  position  the  cursor 
beneath  the  last  character  you  want  to  copy  or  move. 

4.  The  text  to  be  moved  or  copied  must  be  highlighted. 

5.  To  complete  the  copy  or  move  function,  press  COMMAND. 


T  F  6.  To  tell  the  system  that  you  want  to  copy  the  alternate 

format  line  that  precedes  the  text  to  be  copied,  press  copy 
press  FORMAT,  highlight  text  to  be  copied,  press  EXECUTE. 

T  F  7.  Copying  text  from  one  document  into  another  document  is 
known  as  super  copying. 

T  F  8.  When  super  copying  text,  the  document  you  are  copying  from 
is  the  DESTINATION  document;  the  document  you  are  copying 
the  text  to  is  the  SOURCE  document. 


T  F  9.  To  give  the  instruction  to  begin  super  copy,  press  SHIFT  and 
COMMAND. 


T  F  10.  Moving  text  from  one  document  into  another  document  is  known 
as  super  moving  text. 
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PART  II 


Start  time  _  Stop  time 

(15  minutes  allowed) 


DIRECTIONS:  Keyboard  the  text  that  follows  exactly  as  it  appears.  If 
there  are  any  errors  in  the  text,  keyboard  these  exactly  as' they 
appear .  Print  a  hard  copy  of  text  and  the  document  summary. 

Format  Requirements:  Vertical  spacing  1;  tab  7,  linespace  75, 


RADICAL  TEST  TO  COUNT  CALORIES 


Conventional  wisdom  holds  that  skiny  people  have  "high 
metabolism."  U.S.  Department  of  Agriculture  (USDA)  researchers  have 
begun  a  study  that  will  test  the  theory. 


According  to  Wayne  Marcus,  two  groups  of  volunteers,  one  lean 
and  the  other  "moderately  obese,"  will  live  in  a  facility  adjoining 
the  calorimeter  for  up  to  six  months  and  be  put  on  a  strict 
diet-and-exercise  regimen  to  keep  their  weight  stable.  During  sessions 
___  inside  the  chamber,  energy  that  a  subject  expends  for  metabolism  and 
•^^^^"^^^^^vement  will  be  released  as  heat.  This  will  be  measured  by  the 
—  sensors.  If  the  skinny  people  do  indeed  expand  more  energy,  it  would 
mean,  says  Marcus,  that  "some  physical  process  we  don't  know  about 
yet"  is  responsible. 


The  USDA  is  now  looking  for  volunteers  who  will  be  paid  an  sum 
to  donate  a  half-year  to  science. 

To  measure  whether  lean  people  routinely  expend  more  energy 
than  heavier  people,  they  have  installed  a  human  caiormeter — a  chinber 
whose  walls  contain  16,000  sensors  that  can  detect  changes  in 
temperature  of  less  than  a  thousandth  of  a  degree  Celsius. 


SOURCE:  SCIENCE  DIGEST,  SEPTEMBER,  1984. 
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PART  III 


Start  time 


Stop  time 


(5  minutes  allowed) 


DIRECTIONS?  Make  changes  in  text  that  follows  as  indicated.  P^int 
a  hard  copy  of  text  and  the  document  summary. 

Format  Requirements?  Vertical  spacing  1;  tab  10,  linespace  65. 


RADICAL  TEST  TO  COUNT  CALORIES 

Conventional  wisdom  holds  that  skinv  people  have  "high 
metabolism."  U.S.  Department  of  Agriculture (USDA)  researchers  have 
begun  a  study  that  will  test  the  theory. 

According  to  Wayne  Marcus,  two  groups  of  volunteers,  one  lean 
and  the  other  "moderately  obese,"  will  live  in  a  facility  adjoining 
the  calorimeter  for  up  to  six  months  and  be  put  on  a  strict 
diet-and-exercise  regimen  to  keep  th^S^Sieight  stable.  During  sessions 
inside  the  chamber,  energy  that  a  subject  expends  for  metabolism  and 
movement  will  be  released  as  heat.  This  will  be  measured  by  the 
sensors.  If  the  skinny  people  do  indeed  exp^d  more  energy,  it  would 
mean,  says  Marcus,  that  "some  physical  proces®we  don't  know  about 
yet"  is  responsible. 

The  USDA  is  now  looking  for  volunteers  who  will  be  paid  an  sum 
to  donate  a  half-year  to  science.  ^ 


SOURCE? 


Instructor  must  observe  while  you  move  this  data 
SCIENCE  DIGEST,  SEPTEMBER,  1984. 
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PART  IV 


RADICAL  TEST  TO  COUNT  CALORIES 


Conventional  wisdom  holds  that  skinny  peoole 

o.s.  Department  of  AgricSture 
thS^  3  study  that  will  test  the 


To  measure  whether  lean  people  routinely  expend 
m^  energy  than  heavier  people,  they  have  installed  a 
human  calorimeter— a  chamber  whose  walls  contain  16,000 

Ttho^an^h  T  Changes  in  temperature  of  less  than 

a  thousandth  of  a  degree  Celsius. 

According  to  Wayne  Marcus,  two  groups  of 
volunteers,  one  lean  and  the  other  ’moderately' obese,"  will 
live  in  a  facility  adjoining  the  calorimeter  for  up  to  six 

l^P^Sr  ^iaht  diet-and-exercise  regimen  to 

weight  stable.  During  sessions  inside  the 

^  for  metabolism  and 

TOvement  will  be  released  as  heat.  This  will  be  measured  bv 

it  would  mean,  says  Marcus,  that  "some  physical 
process  we  don't  know  about  yet"  is  responsible 

The  USDA  is  now  looking  for  volunteers  who  will 
e  paid  an  undisclosed  sum  to  donate  a  half-year  to 
science.  ^  ^ 


SOURCE:  SCIENCE  DIGEST,  SEPTEMBER,  1984. 
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Start  time 


Stop  time 


Q 


PART  V 


(5  minutes  allowed) 


DIRECTIONS:  Create  a  destination  document.  Super  Copy  document  from 


Part  IV. 

Instructor  must  observe  super  copying 
Print  a  hard  copy  of  this  document. 


Return  a  hard  copy  of  Part  II ^  IV f  and  V  along  with  the 
written  exam  to  your  instructor. 

DOCUMENT  SUMMARIES  MUST  BE  HANDED  IN  WITH  EACH  PRINTED 
EXERCISE. 


All  documents  created  while  working  on  Guide  170. B. 8  and  this 

criterion  exam  should  be  filed  to  your  diskette. 
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TASK:  Perform  advanced  formatting  on  the  Wang  OIS  60  Information 

Processing  System. 

PURPOSE: 


The  advanced  formatting  feature  on  the  Wang  allows  the 
operator  to  recall  a  primary  format  line,  delete  an  alternate 
formate  line;  print  with  boldface  and  double  underscores, 
hyphenate  text,  and  create  headers  and  footers. 


INFORIIATION  PROCESSING 


1  Program 

T  ask 

Est.Time 

Prereq^^ 
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L70B9 

12  hours 

170BL  -J 

LEARNING  CONTRACT  (optional) 


2.  TERMINAL  PERFORMANCE  OBJECTIVE 

Given  a  Wang  OIS  60  Information  Processing  System,  the' needed  data,  and  supplies, 
perform  advanced  formatting. 

To  master  this  task  you  must  score  18  out  of  20  on  a  written  criterion  exam  and 
17  out  of  17  on  a  product  checklist. 
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Page 


INTERMEDIATE  OBJECTIVE 


in 


Perform  advanced  formatting  on  the  Wang  OIS  60  Information  Processing  System. 


LEARNING  STEPS  (Activities) 

1.  See  Resource  #1  to  recall  a  primary 
format  line. 


2.  To  delete  an  alternate  format  line, 
see  Resource  #2. 


3.  See  Resource  #3  to  center  headings 
over  columns . 


4.  To  type  attributes  for  underscore, 
double  underscore,  strike  thru, 
boldface,  sub  and  superscript,  see 
Resource  #4. 

5.  See  Resource  #5  to  hyphenate  text. 


6,  Complete  Resource  #6  to  protect 
pages  during  pagination.' 


7.  To  create  headers  and  footers,  see 
Resource  v7. 


8.  To  review,  complete  Resource  3  A  &  3. 


9.  To  measure  your  ability  to  perform 
advanced  formatting,  see  Resource 
r/9A  and  9B. 


RESOURCES 

1.  Read  pages  9-4  to  9-7  in  ADVANCED 
FORMATTING  completing  exercise 

as  directed. 

2.  Read  pages  9-8  to  9-11  in  ADVANCED 
FORMATTING  completing  exercise 

as  instructed. 

3 .  Read  instructions  and  complete 
exercise  as  directed  on  pages 

9-12  to  9-15  in  ADVANCED  FORMATTING. 

4.  Read  pages  9-16  to  9-33  in 
ADVANCED  FORMATTING  completing 
exercises  as  directed. 


5 .  Read  pages  9-34  to  9-42  in 
ADVANCED  FORMATTING.  Complete 
exercise  as  directed. 

6.  Read  pages  9-43  to  9-45  in 
ADVANCED  FORMATTING.  Complete' 
exercise  as  instructed  on  pages 
9-46  to- 9-47  in  ADVANCED  FORMATTING. 

7.  Read  pages  9-50  to  9-55  in  ADVANCED 
FORMATTING.  Complete  exercise  as 
directed  on  pages  5-57  to  5-59  of 
ADVANCED  FORMATTING. 

8A.  Read  guide  pages  4  to  3 . 

83.  Complete  skill  building  exercises  or 
pages  9-66  to  9-78  in  ADVANCED 
FORMATTING . 

9A.  Product/Perf ormance  Checklist  guide 
pages  9  to  10. 

93.  Criterion  Exam  170.3.9. 
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ADVANCED  FORMATTING 
INFORMATION  SHEET  #1 


RECALLING  THE  PRIMARY  FORMAT  LINE 

After  typing  a  table  within  a  document ,  you  may  wish  to  return 
to  the  format  specified  at  the  beginning  of  the  document  -  to  return 
to  the  primary  format  line, 

1.  Position  the  cursor  under  the  end-of-text  character (.) . 

2.  Press  Format.  (The  settings  found  in  the  Alternate  format 
line  will  be  displayed. ) 

3.  Press  Format  again.  The  format  line  will  display  the  same 
settings  as  the  Primary  format  line. 


DELETING  ALTERNATE  FORMAT  LINES 

When  editing  copy,  you  may  decide  to  delete  an  Alternate  format 
line.  Text  that  follows  the  deleted  Alternate  format  line  will  adjust 
to  the  settings  in  the  immediately  preceding  format  line. 

To  delete  an  Alternate  format  line, 

1.  Position  the  cursor  in  the  Alternate  format  line  you  wish 
to  delete.  Press  FORMAT  or  SHIFT  and  FORMAT  to  do  this. 

2.  Press  DELETE. 

NOTE:  PRIMARY  FORMAT  LINES  MAY  BE  ALTERED  BUT  THEY  MAY  NOT 
BE  DELETED. 


CENTERING  HEADINGS  OVER  COLUMNS 

Centering  headings  over  columns  on  a  word  processor  is  similar 
in  many  ways  to  centering  headings  over  columns  on  a  typewriter. 

Before  you  type  the  headings,  you  should  enter  a  line  of  spaces. 
Remember  on  the  Wang  OIS  60,  you  cannot  type  where  characters  have  not 
been  keyboarded. 

Follow  these  steps  to  center  headings,  after  the  columns  have 
been  typed. 

1.  Locate  the  beginning  of  the  first  character  in  the  longest 
word  in  Column  1. 

2.  Space  forward  1  time  for  every  2  characters  to  find  the 
center  of  Column  1. 

3.  Backspace  1  time  for  every  2  characters  in  the  column 
heading . 

4.  At  the  point  where  you  finished  backspacing,  begin  to  type 
the  heading. 

5.  To  center  the  column  heading  for  the  second  column,  follow 
steos  1-4. 
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NOTE;  A  DETAILED  ILLUSTRATION  MAY  BE  FOUND  ON  PAGE  9-13  OF 
ADVANCED  FORMATTING. 


Follow  these  steps  to  center  the  column  heading  before  the 
column  has  been  typed. 

1.  Find  the  longest  word  in  Column  1. 

2.  Subtract  the  number  of  spaces  found  in  the  column  heading 
from  the  number  of  spaces  in  the  column.* 

Feeder  High  Schools  (19) 

Waukegan  East  High  School  (25) 

25 

- 

6  divided  by  2  =  3 

3.  From  the  beginning  of  Column^,  space  forward  3  times  and 
begin  to  type  the  coi\^''^afeng . 

4.  Repeat  steps  1-3  for  succeeding  columns. 

NOTE:  IF  THE  HEADING  IS  LONGER  THAN  THE  COLUMN,  YOU  WILL 
WANT  TO  CENTER  THE  LONGEST  WORD  IN  THE  COLUMN  UNDER 
THE  COLUMN  HEADING. 


TYPING  ATTRIBUTES 

Attributes  are  special  characteristics  added  to  a  letter  or  a 
number.  These  include  underscore,  double  underscore,  strike  thru, 
boldface,  superscript,  and  subscript.  Attributes  may  not  be  added  to 
screen  graphics. 


Underscore  is  used  to  emphasize  words  or  when  typing  footnotes. 

1.  Position  cursor  under  first  character  to  be 
underscored. 

2.  Hold  down  SHIFT  and  type  underscore  once  for  each 
character  to  be  underscored. 

Removina  Underscores 


NOTE:  YOU  mY  CHOOSE  TO  RETYPE  UNDERSCORED  TEXT  WITHOUT 
AN  UNDERSCORE,  THIS  WILL  REMOVE  THE  UNDERSCORE. 
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Autoscore  automatically  underscores  text  as  it  is  typed. 

1.  Press  COMMAND. 

2.  Hold  down  SHIFT  and  press  UNDERSCORE. 

3.  Type  text. 

4.  To  end  underscore ,  press  COMMAND,  hold  down  SHIFT  and  press 
UNDERSCORE. 

Double  Underscore  will  double  underline  text.  Generally,  it  would  be 
used  for  accounting  purposes  for  underlining  total  assets, 
liabilities,  and  owners  equity. 

1.  Press  Subscript  key. 

2.  Backspace  and  underscore  the  down  arrow.  ^ 

3.  Type  text.  — 

4.  Underscore  text. 

Boldface  creates  text  that  is  darker  than  other  text  because  the 
letters  have  been  typed  a  second  time.  To  boldface  text,  follow  the 
steps  listed  below. 

1.  Hold  down  SHIFT  and  press  Superscript  (up  arrow),  f 

2.  Underscore  the  up  arrow.  — 

3.  Type  text. 

4.  Hold  down  Shift  and  press  Superscript  (up  arrow) . 

5.  Underscore  the  up  arrow. 


Strike  Thru  types  a  diagonal  line  through  text.  Follow  these  steps  to 
strike  through  text. 

1.  Press  Subscript  key  two  times. 

2.  Underscore  both  down  arrows. 

3.  Type  text. 

4 .  Underscore  text . 

Superscript  allows  the  operator  to  type  numbers  above  the  line  as  in 
10  .  Follow  the  steps  listed  below  when  creating  suoerscripts. 


1. 

2. 

Press  Superscript. 

Type  text. 

10  *5 

3. 

Press  Subscript. 

To  remove  superscript, 

delete  up  and  down  arrows 
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Subscript  allows  the  operator  to  type  numbers  below  the  line  as  in 
H^O. 

1.  Press  Subscript, 

2.  Type  text.  H^2  f  0 

3.  Press  Superscript. 


To  remove  subscript,  delete  up  and  down  arrows. 


HYPHENATING  TEXT 

Hyphenating  text  will  create  a  more  even  right  margin;  it  is 
especially  important  to  hyphenate  text  that  you  intend  to  justify. 

Follow  the  steps  listed  below  when  hyphenating  text. 

1.  Press  COMMAND. 

2.  Press  the  HYPHEN  (-)  KEY. 

3.  Enter  the  zone  length  3-99. 

4.  Press  EXECUTE. 

5.  Position  cursor  under  letter  to  follow  hyphen  within 
highlighted  zone. 

6.  Press  EXECUTE.  (IF  YOU  DECIDE  NOT  TO  HYPHENATE  THE  WORD, 
PRESS  SRCH. ) 

To  remove  hyphens, 

1.  Press  COMMAND, 

2.  Press  HYPHEN  (-). 

3.  Enter  99  as  zone  length. 

4.  Press  EXECUTE. 


PAGINATION 

There  are  times  you  will  not  want  to  delete  an  existing  page 
break  when  you  automatically  paginate  a  document.  For  instance,  after 
a  title  page,  around  a  chart,  or  a  the  beginning  of  a  new  chapter  you 
may  wish  to  keep  pagination  as  it  is. 

To  protect  pages  during  pagination,  follow  the  instructions 
listed  below. 

1.  Move  the  cursor  under  the  page  break  symbol  (  )  that  comes 

before  the  page  you  want  protected. 

2.  Depress  INSERT. 

2.  Depress  CEtJTER. 


ADVANCED  FORMATTING 
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4.  EXECUTE. 

5.  Position  cursor  under  page 

6.  Depress  INSERT. 

7.  Depress  CENTER. 

8.  Depress  EXECUTE. 


break  on  page  to  be  protected. 


CREATING  HEADERS  OR  FOOTERS 


Headers  are  found  at  the  top  of  pages 
at  the  bottom  of  pages.  Headers  may  include 
Footers  almost  always  include  a  page  number 
automatically  number  pages  for  the  operator! 


while  footers  are  found 
identifying  information. 
The  OIS  60  will 


Follow  these  instructions  to  create  a  header. 


1. 

2. 

3. 

4. 

5. 


Press  GO  TO. 


Enter  H  (for  header). 
Press  INSERT. 


A  blank  page  appears. 


Type  header  information. 
Press  EXECUTE. 


Follow  these  instructions  to  create  a  footer. 


1. 

2. 

3. 

4. 


5. 


Press  GO  TO. 

^ter  F  (for  footer).  A  blank  page  appears. 

Press  INSERT. 

Type  footer  information.  For  page  numbering,  type  #  The 
autcnatically  count  and  put  in  ?he  ^rect^ge 

Press  EXECUTE. 


To  print  headers  and  footers ^ 


1. 

2. 

3. 

4. 


5. 

6. 

7. 


Select  PRINT  DOCUMENT. 
Enter  ID  #;  press  EXECUTE 


scarring  page  number  for  header  usually  page  2 
Enter  starting  page  number  for  footer  usually  page  2* 

Press  Execute, 
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PERFORMANCE/PRODUCT  CHECKLIST 


Program:  information  processing/secretarial  office  occupations 


Task  No:  170.B.9 


Student’s  Name: _  Date  Of  Attempt: 

Evaluator’s  Name: _ Evaluation  Site:  « 

Performance  Attempt:  12  3  4 


^I^Terminal  Performance  Objective: 

Given  a  Wang  OIS  60  Information  Processing  System,  the  needed  data,  and  supplies,- 
perform  advanced  formatting. 

To  master  this  task,  you  must  score  18  out  of  20  on  a  written  criterion  exam  and 
17  out  of  17  on  a  product  checklist. 

Directions  To  The  Student: 

I 

» 

Before  attempting  this  task  for  mastery,  carefully  review  this  checklist.  You  will  be  eval¬ 
uated  on  the  basis  of  this  checklist.  When  you  feel  you  are  ready  forevaluation,  contact  your 

instructor.  You  must  complete  your  performance  within _ minutes  and  must 

score  at  least _ out  of _ pointsor _ mD _ %  formastery.  Critical 

items  are  marked  with  an  asterisk  (*).  These  items  must  be  satisfactorily  completed.  | 


Directions  To  The  Evaluator: 


The  student  will  contact  you  when  ready  for  the  evaluation.  The  student  must  complete 

the  performance  within _ minutes  and  must  score _ out  of _ 

points  nr  IQO _ %  and  all  items  marked  with  an  asterisk  (')  must  be  satisfactoniy 

completed. 
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PART  I  -  WRITTEN  CRITERION  EXAM 


Minimum  score  of  90  percent  required. 


Yes 


PART  II  -  TABLE 

Centered  both  vertically  and  horizontally. 

Body  of  table  double  spaced. 

Columnar  headings  centered  over  columns. 

Numbers  aligned  at  decimal. 

Single  and  double  underscore  where  shown. 

All  errors  corrected. 

Title  should  be  all  capital  letters,  centered, 
and  printed  in  bold  print. 

PART  III  -  ARTICLE 

Used  a  75-space  line. 

Paragraphs  indented  5  spaces. 

Vertical  spacing  is  1  1/2. 

All  words  should  appear  underscored  as  shown. 
Title  typed  in  all  capital  letters  and  centered. 
Title  should  be  followed  by  a  triple  space. 

Text  hyphenated. 

Header  must  appear  on  all  pages. 

Footer  must  appear  on  all  pages  except  the  first. 
All  errors  corrected. 
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No 


PROJECT  SUMMARY  SHEET 


170. B. 9 


CRITERION  EXAM 

Part  I  -  Written  Exam 
Part  II  -  Tabulated  Data 
Part  III  -  Report 


EXERCISES 

Job  Fair 

Budget  Review  Memo 
~ Hyphenating  Practice 
Required  Page  Break 
What  is  Word  Processing? 

Annual 

Office  Information  Center 
Annual  Report  Memo 
Marquis 


NAME 


DATE 

SCORE 
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SECRETARIAL  OFFICE  OCCUPATIONS 
Information  Processing 
Criterion  Exam 
Task  #170.3.9 


^e  purpose  of  this  exam  is  to  determine  whether  or  not  you  have  understood 
the  proc^ures  for  performing  advanced  printing  on  the  OIS  60  Wang 
Information  Processing  System.  ^ 


DIRECTIONS: 
PART  I 


Write  your  answer (s) 
writing  is  legible, 
this  exam. 


on  the  blanks  provided.  Use  ink.  Make  certain  that  all 
A  minimum  score  of  90  percent  is  required  on  Part  I  of 


PARTS  II  AND  III 

directed.  Instruction  involving  formatting  of  text  must  be 

followed.  All  errors  must  be  corrected.  A  minimum  score  of  100  percent  is 
required  for  these  parts  of  the  exam.  peccenc  is 
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DIRECTIONS: 

1 


2 


3 


ADVANCED  PRINTING 
CRITERION  TEST  #1 
170. B. 09 


On  the  blank  provided,  write  the  letter  that  comes 
before  the  correct  answer.  A  minimum  score  of  90 
percent  is  required. 

To  return  to  the  format  specified  in  the  primary  format 
line  after  typing  a  table  that  used  an  alternate  format 
line,  press 

a.  FORMAT  1  time 

b.  FORMAT  2  times 

c.  SHIFT  +  FORMAT  1  time 

d.  SHIFT  +  FORMAT  2  times 

To  delete  an  alternate  format  line,  position  the  cursor 
in  the  alternate  format  line,  then  press 

a.  INSERT 

b.  ERASE 

c.  COMMAND 

d.  DELETE 

When  typing  columnar  headings,  you  should 

a.  not  worry  about  centering  the  headings 

b.  should  center  the  headings  over  the  columns 

c.  should  line  up  the  heading  and  the  column  at  the 
left 

d.  both  a  and  c 

To  center  the  column  heading  before  the  column  is 
typed,  subtract  the  difference  between  the  heading  and 
the  column  then 

a.  position  the  cursor  at  the  beginning  of  the  column 
and  space  forward  once  for  the  difference  between 
the  longest  word  in  the  column  and  the  column 
heading . 

b.  position  the  cursor  at  the  end  of  the  column  and 
space  forward  once  for  the  difference  between  the 
longest  word  in  the  column  and  the  column  heading. 

c.  position  the  cursor  at  the  beginning  of  the  column 
and  space  forward  for  half  the  difference  between 
the  longest  word  in  the  column  and  the  column 
heading. 

d.  none  of  the  above. 
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5.  To . underscore  a  word  that  has  already  been  typed,  use 

the  west  cursor  key  to  move  to  the  beginning  of  the 

word, 

a.  press  COMMAND,  SHIFT  +  UNDERSCORE 

b.  hold  down  SHIFT  and  press  UNDERSCORE  for  each 
character  to  be  typed. 

c.  hold  down  COMMAND  and  press  rjNDERSCORE  for  each 
character  to  be  typed. 

d.  all  of  the  above. 

6.  To  autoscore  text  while  typing, 

a.  press  COMMAND,  SHIFT  +  UNDERSCORE 

b.  hold  down  SHIFT  and  press  UNDERSCORE  for  each 
character  to  be  typed. 

c.  hold  down  COMMAND  and  press  UNDERSCORE  for  each 
character  to  be  typed, 

d.  all  of  the  above. 

7.  To  begin  double  underscoring, 

a.  keyboard  an  underscored  up  arrow  (superscript)  at 
the  beginning  and  the  end  of  text. 

b.  keyboard  two  down  arrows  (subscripts)  at  the 
beginning  of  text. 

c.  keyboard  an  up  arrow  (superscript)  at  beginning  of 
text  and  a  down  arrow  (subscript)  at  end  of  text. 

d.  keyboard  an  underscored  down  arrow  (subscript)  at 
the  beginning  of  text  and  under  text  to  be 
underlined. 

8.  To  type  in  boldface, 

a.  keyboard  an  underscored  up  arrow  (superscript)  at 
the  beginning  and  the  end  of  text , 

b.  keyboard  two  down  arrows  (subscripts)  at  the 
beginning  of  text. 

c.  keyboard  an  up  arrow  (superscript)  at  beginning  of 
text  and  a  up  arrow  (superscript)  at  end  of  text, 

.  keyboard  an  underscored  down  arrow  (subscript)  at 
the  beginning  of  text. 


ADVANCED  PRINTING 
CRITERION  TEST  #1 
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9.  To  strike  through  text, 

a.  keyboard  an  underscored  up  arrow  (superscript)  at 
the  beginning  and  the  end  of  text. 

b.  keyboard  two  underscored  down  arrows  (subscripts) 
at  the  beginning  of  text  and  underscore  the  text. 

c.  keyboard  an  up  arrow  (superscript)  at  beginning  of 
text  and  a  down  arrow  (subscript)  at  end  of  text. 

d.  keyboard  an  underscored  down  arrow  (subscript)  at 
the  beginning  of  text. 

10.  To  type  a  superscript  (number  above  the  line), 

a.  keyboard  up  arrow  (superscript),  type  number, 
keyboard  down  arrow  (subscript). 

b.  keyboard  two  up  arrows  (superscripts)  type  number. 

c.  keyboard  up  arrow  (superscript),  type  number, 
continue  to  type  remaining  text. 

d.  keyboard  up  arrow  (superscript),  type  number, 
keyboard  a  second  superscript  or  up  arrow. 

11.  To  type  a  subscript  (number  below  the  line), 

a.  keyboard  down  arrow  (subscript),  type  number, 
keyboard  down  arrow  (subscript) . 

b.  keyboard  two  down  arrows  (subscripts)  type  number. 

c.  keyboard  down  arrow  (subscript,  type  number, 
continue  to  type  remaining  text. 

d.  keyboard  down  arrow  (subscript),  type  number, 
keyboard  a  superscript  or  up  arrow. 

12.  Text  should  be  hyphenated 

a.  to  make  the  right  margin  more  even. 

b.  when  you  plan  to  justify  the  text. 

c.  both  a  and  b. 

d.  none  of  the  above. 

13.  The  command  that  hyphenates  text  is 

a.  COMMAND  +  AMPERSAND  KEY 

b.  COrmND  +  -  KEY 

c.  COMMAND  +  #  KEY 

d.  COMMAND  +  SUPERSCRIPT  KEY 
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14.  To  protect  pages  from  repagination,  -  the  page 

break  graphic. 

a.  indent 

b.  insert 

c.  delete 

d.  center 

15.  To  create  a  header  page, 

a.  press  COMMAND  and  H 

b.  press  GO  TO  and  H 

c.  press  HEADER  key 

d.  press  Super /subscript  and  H 

16.  Headers  usually  appear 

a.  at  the  bottom  of  the  page 

b.  on  the  title  page  only 

c.  in  the  bibliography  only  _ 

d.  at  the  top  of  the  page 

17.  To  instruct  the  OIS  60  to  number  pages  in  either  a 
header  for  footer, 

a.  keyboard  a  $. 

b.  keyboard  a  #. 

c.  keyboard  a 

d.  keyboard  an  *. 

18.  To  keyboard  data  on  either  a  header  or  footer  page,  the 
operator  must  first  depress 

a.  INSERT. 

b.  COMMAND  +  INSERT. 

C.  SHIFT  +  INSERT. 

d,  SHIFT  +  COMMAND  +  INSERT. 

19.  To  return  to  the  document  from  the  header  or  footer 
page, 

a.  Press  CANCEL  and  EXECUTE. 

b.  Press  RETURN. 

c.  Press  COMMAND  +  EXECUTE. 

d.  Press  GO  TO  and  document  page  number,  execute. 
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20.  To  print  a  header  or  footer,  you  must  complete  the 

a.  Special  Print  Functions  Menu 

b.  Document  Index 

c.  Print  Document  Menu 

d.  Document  Header  Menu 
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PART  II 

DIRECTIONS:  Type  the  table  that  follows.  Center  both  vertically  and 

horizontally.  Double  space  the  body  of  the  table. 
Coluinnar  headings  must  be  centered  over  the  columns. 
Numbers  must  be  aligned  at  decimal.  Single  and  double 
underscore  must  appear  where  shown.  All  errors  must  be 
corrected . 

« 

Print  RECOt^MENDED  SALARY  INCREASES  in  bold  print. 


RECOMMENDED  SALARY  INCREASES 
To  Be  Effective  September  1 


Emnloyee 

Present 

Felton,  L.  F. 

$100.00 

Bernhardt,  D.  A. 

85.00 

Greer,  J.  L. 

120.00 

Hunter,  C.  K. 

90.00 

TOTAL 

$395.00 

Increase 

Percent 

New 

$10.00 

_ 1 

o 

• 

o 

$110.00 

8.50 

10.0% 

93.50 

9.60 

8.0% 

129.60 

9.00 

10.0% 

99.00 

$37.10 

38.0% 

$432.10 

SOURCE  UNKNOWN 
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Type  the  article  that  follows.  Use  a  75  space  line  with 
a  five  space  tab  indention.  Set  vertical  spacing  at 
1  1/2.  All  words  should  be  underscored  as  shown. 

The  title  should  be  typed  in  all  capital  letters, 
centered  and  followed  by  a  triple  space. 

Include  the  footnote.  Type  as  shown. 

Type  the  following  header:  Software  Review.  The  header 
should  appear  on  all  pages  including  the  first. 

The  footer  should  include  a  page  number  on  pages  with 
the  exception  of  the  first. 

Hyphenate  document.  Correct  any  errors  made. 
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PART  III  (Continued) 


S0FP,JARE  REVIEW 


GRAPHICS  PROGRAMS  TURN  HOME  COfIPUTER  INTO  EASEL 


Not  everyone  can  be  born  an  artist.  But  with  the  help  of 
computer  software,  nearly  anyone  can  feel  like  one.  Two  popular 
programs ,  The  Arcade  Machine  and  The  Graphics  Magician,  exempl i fy 
the  new  breed.  The  Arcade  Machine  is  designed  to  make  it  easy  to 
produce  Invader-style  video  games  in  which  the  "enemy"  is  at  the  top 
of  the  screen  and  the  player  at  the  bottom.  The  first  choice  from 
the  software's  Main  Menu  is  the  Shape  Creator.  This  allows  you  to 
design  crawl y-but-cute  creatures  by  using  the  keyboard  to  "turn  on" 
tiny  blocks  of  color;  the  process  is  similar  to  assembling  a  mosaic- 
of  titles.  You  then  use  the  Path  Creator  to  move  your  shapes  around 
the  screen. 

The  Graphics  Magician  is  similar,  but  more  versatile,  and  thus 
requires  a  bit  of  programming  knowledge.  With  the  Magician,  you  can 
easily  animate  shapes  anywhere  on  the  screen,  but  such  things  as 
detecting  "hits"  and  scoring  are  left  to  the  ingenuity  of  the 
progranmer. 

Suppose,  however,  you're  not  a  game  nut.  Suppose  you'd  rather 
produce  the  computerized  counterpart  to  the  Mona  Lisa.  Take  heart: 
New  Programs  that  allow  you  to  "paint"  on-screen  are  more  versatile 
than  ever  before. 

The  Complete  Graphics  System  is  just  about  what  its  name 
implies.  With  this  program,  you  can  use  your  imagination  to  achieve 
special  effects  available  in  no  other  artistic  medium. 


SOFTWARE  REVIEW 


Like  many  programs,  this  one  works  best  with  a  joystick.  By 
manipulating  the  handle,  you  can  move  about  the  screen  and  leave  a 
trail  of  color  behind  you.  However,  just  as  the  oil  painter  might 
want  one  brush  for  pointi 11 istic  dottings  and  another  for  thick 
layers  of  impasto,  so  on  your  video  screen  you  will  want  different 
"brushes”  to  achieve  different  effects.  The  Complete  Graphics 
System  provides  these  in  the  form  of  predefined  shapes  that  leave 
thin  or  thick  lines  and  even  create  textures  from  rough  to  dappled 
to  diaphanous. 

But  as  good  as  many  of  these  software  schemes  are,  most  depend 
on  an  ordinary  keyboard  or  joystick,  and  thus,  may  lack 
flexibility.  A  new  device  called  the  Koalapad  can  change  all  this. 
Compatible  with  any  Apple,  Commodore  64  or  Atari  machine,  the 
Koalapad  is  essentially  a  small,  touch-sensitive  square,  measuring 
four  inches  on  each  side.  Using  the  fingertip  or  stylus,  the 
computer' arti St  simply  "draws”  on  the  tablet  while  watching  the 
screen. 

For  getting  kids  interested  in  computers,  nothing  comes  close  to 
Koalapad.  Even  very  young  children  grasp  the  concept  of  drawing 
on-screen. 


Meil  Shapiro 

^Meil  Shapiro,  "Graphics  Programs  Turn  Home  Computers 
Into  Easel,”  Science  Digest,  Yol .  92  .^o.  9  (Septemoer,  1  984)  p.  36. 
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TASK: 


Perform  advanced  printing  on  the  Wang  OIS  60  Information  Processing 
System. 


PURPOSE;  “  The  advanced  print  feature  on  the  Wang  OIS  60  allows  the  operator 

to  stop  printing  to  change  print  wheels  and  to  print  text  with 
proportionally  spaced  characters . 


INFORMATION  PROCESSING 


f Program 
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Est.Time 

Prereq/^ 

^170B9 

V.  soo 

L70B10 

4  hours 

170B1  toy 

LEARNING  CONTRACT  (optional) 


2.  TERMINAL  PERFORMANCE  OBJECTIVE 


Given  a  Wang  OIS  60  Information  Processing  System,  the  needed  data,  and  supplies, 
perform  advanced  printing. 

To  master  this  task,  you  must  score  12  out  of  13  on  a  written  criterion  exam  and 
18  out  of  18  on  a  product  checklist. 


2a.  INTERMEDIATE  OBJECTIVE(s) 

1.  Stop  the  printer,  change  print  wheels,  and  print  proportionally  spaced  text 
on  a  Wang  OIS  60  Information  Processing  System. 
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INTERMEDIATE  OBJECTIVE  » 


Stop  the  printer,  change  print  wheels,  and  print  proportionally  spaced  text  on 
the  Wang  OIS  60. 


LEARNING  STEPS  (Activities) 

1.  To  learn  how  to  stop  the  printer 
and  change  the  print  wheel,  com¬ 
plete  Resource  //I. 


RESOURCES 

1.  Read  pages  10-2  to  10-5  in 

WANG  -  ADVANCED  PRINTING.  Also, 
read  pages  4  to  8  in  this  guide  - 
Printing  Information  Sheet  //I. 

Request  that  your  instructor  demon¬ 

strate  print  wheel  removal  and 
replacement  on  the  printer  you 
will  be  using. 


2.  See  Resource  //2  to  gain  proficiency 
in  stopping  the  printer  and  chang¬ 
ing  print  wheels. 

3.  Complete  Resource  #3  to  learn  how 

to  print  proportionally  spaced  text. 

4.  To  print  text  proportionally  spaced, 
see  Resource  #4. 

5.  To  review,  complete  Resource  //5. 


6.  To  measure  your  ability  to 

stop  the  printer,  change  print 
wheels,  and  print  text  proportion¬ 
ally  spaced,  complete  Resource  #6A 
and  #6B. 


2.  Complete  exercises  on  page  10-6 

10-8  in  WANG  -  ADVANCED  PRINTING. 

3.  Read  page  10-9  in  ADVANCED  PRINTING. 
Read  page  9  in  this  guide  -  Informa¬ 
tion  Sheet  #2. 

4.  Complete  exercises  on  pages  10-10 
to  10-22  in  WANG  ADVANCED  PRINTING. 

5.  A.  Read  pages  10-23  to  10-25  in 

WANG  ADVANCED  PRINTING. 

5.  B.  Complete  skill  building  exercises 

on  pages  10-26  to  10-30  in 
WANG  ADVANCED  PRINTING. 

6.  A.  Product /Performance  Checklist 

on  guide  pages  10-11. 

6.  B.  Criterion  Exam  170. B.  10. 
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INFORMATION  SHEET  //I 


ADVANCED  PRINTING 
170.3.10 


STOPPING  THE  PRINTER 

It  is  possible  to  print  text  in  different  type  styles  on  the  OIS  60  INFOR¬ 
MATION  PROCESSING  SYSTEM.  To  do  thiSr  you  must  stop  the  printer  during 

print  out. 

Press  the  stop  key  (a  9  graphic  appears  on  the  screen)  wherever  you 
wish  the  printer  to  stop.  You  will  then  install  a  new  print  wheeL  This  stop 
feature  is  available  only  on  character  printers. 

The  print  document  menu  must  be  adjusted  as  follows. 

Character  set  number  must  be  entered  for  each  print  wheel. 

If  the  print  wheel  character  set  numbers  are  the  same,  you 
need  only  enter  one  number  on  the  PTR  20.  Other  printers 
require  that  both  numbers  be  entered  even  though  they  are 
the  same. 
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INFORMATION  SHEET  (Continued) 


Instructions  for  changing  the  print  wheel  on  Printer  No.  5  follow. 
PRIMT  WHEEL  REPLACEMENT 


- - -  WARNING  - - - - 

Always  press  DESELECT  before  attempting  to  replace  a  print 
wheel.  Accidentally  selecting  the  printer  coxild  cause  a 
print  wheel  to  begin  printing  while  your  hands  are  in  the 
printer. 


1.  Press  DESELECT  and  open  the  sound  panel. 

2.  Push  down  the  print  wheel  release  latch  (Figure  3—3)  to  unlock 
the  print  wheel  compartment.  The  compartment  will  pop  open. 

3 .  Carefully  remove  the  print  wheel  by  gently  lifting  it  out  by  its 
spokes.  Store  it  in  its  plastic  container  for  future  use. 


- ^ -  CAUTION - - — 

The  print  wheel  is  rugged  auid  dependable,  but  it  can 
be  damaged.  Avoid  bending  its  spokes  when  handling 
it.  Always  store  it  in  its  plastic  container  when 
it  is  not  installed  in  the  printer. 


INFORMATION  SHEET  #1  (Continued), 


Print  Wheel 
Compartnient 


Point  (A) 


Point  <B) 


Print  Wheel 
Release  Latch 


Figure  3—3 .  Print  Wheel  Removal /Replacement 
A  r!At*a£tillv  and  lightly  grasp  the  replacement  print  wheel  by  its 

*■  4.4  tt.  p.i..  -“•! 

nILng  sure  the  side  with  the  characters  faces  the  P^ten  and 
wheel  is  not  inserted  between  the  ribbon  and  the  platen. 

5  Push  at  Point  A  or  B  (Figure  3-3)  to  move  the  print  wheel 
compartment  toward  the  platen  so  the  print  wheel 
can  be  pushed  home  to  lock  the  compartment  in  its  operati  g 

position.  Close  the  sound  panel. 

6.  If  printing  is  interrupted  for  a  print  wheel  change,  press  SELECT 
to  continue  printing. 
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Instructions  for  changing  the  print  wheel  on  Printer  No.  12  follow. 


CHANGING  THE  PRINT  WHEEL 

« 

Use  the  following  procedure  to  remove  and  Install  a  print  wheel  in  the 
printer.  Use  care  when  removing,  installing,  or  storing  a  print  wheel.  Use 
plastic  wheels  only,  as  oietal  print  wheels  may  damage  the  printer. 

1.  Open  the  front  cover  by  gently  lifting  the  back  edge  of  the  printer 
front  cover. 

2.  Grasp  the  print  hammer  and  gently  tilt  the  print  wheel  assembly  away 
from  the  platen  (refer  to  Figure  3-7) . 


Figure  3-7 .  Tilting  the  Print  Wheel  Assembly 
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3.  To  remove  the  print  wheel,  grasp  the  rubber  hub  and  gently  pull  the 
print  wheel  upward  and  away  from  the  printer  (refer  to  Figure  3-8)  . 


Figure  3-8.  Removing  the  Print  Wheel 


4,  To  install  a  print  wheel,  hold  the  wheel  so  that  the  edge  of  the 
wheel  is  under  the  ribbon.  Then  rotate  the  wheel  so  the  tab 
protruding  from  the  shaft  hub  lines  up  with  the  alignment  slot  on 
the  print  wheel  (refer  to  Figure  3-9) .  Push  the  wheel  firmly  onto 
the  and  of  the  print  wheel  shaft,  making  sure  the  tab  enters  the 
alignment  slot  on  the  wheel.  Then  grasp  the  print  hammer  and  push 
it  toward  the  platen  until  it  clicks  into  position. 


Figure  3-9.  Tab  and  Alignment  Slot  Locations 

SOURCE:  WANG  LABORATORIES 
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INFORMATION  SHEET  #2 


PROPORTIONALLY  SPACED  TEXT 

In  proportioned  spacing  each  character  uses  a  different  amount  of 
space.  Notice  that  the  text  printed  on  this  page  is  printed  in  proportional 
spacing. 

When  you  use  a  10-,  12-,  or  15-pitch  print  wheel  each  character  uses 
the  same  amount  of  space. 

To  print  proportionally  spaced,  you  must  follow  these  steps. 

1.  Install  a  proportionally  spaced  print  wheel 

2.  Select  "Print  Document"  from  the  word  processing  menu 

A.  Enter  the  correct  chciracter  set  number 

B.  Select  PS  under  pitch 

Text  will  not  appesu:  proportionally  spaced  on  the  screen.  For  this  rea¬ 
son  you  must  follow  special  rules  when  printing  with  proportional  spacing. 

Tabulated  Text 

1.  Set-  only-  o^F^tb  stop  for  each  column  -  do  not  set  extra  tab 
stops  -between  columns. 

2.  Allow  plenty  of  space  between  columns. 

Hyphenating  Text 

1.  Print  document  to  determine  if  you  need  to  hyphenate. 

2.  Insert  a  hyphen  and  a  space  when  you  feel  you  need  to  divide 
a  long  word. 

Underscoring  Text 

1.  Underscore  words  in  usual  manner  -  lines  will  lengthen  as 
required  to  underscore  text. 

2.  When  underscore  is  used  alone,  it  shortens  (from  what  appears 
on  the  screen)  by  1/3. 
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PERFORMANCE/PRODUCT  CHECKLIST 


Program:  secretarial  office  occupations/information  processing 

Task  No:  no.s.io 

Student’s  Name: _ _  Date  Of  Attempt: 

Evaluator’s  Name:  _ _ _ _  Evaluation  Site:  _ 

Performance  Attempt:  12  3  4 


r 


Terminai  Performance  Objective:  - 

Given  a  Wang  OIS  60  Information  Processing  System,  the  needed  data,  and  supplies 
perform  advanced  printing. 

To  master  this  task,  you  must  score  12  out  of  13  on  a  written  criterion  exam 
and  18  out  of  18  on  a  product  checklist. 


Directions  To  The  Student: 

Before  attempting  this  task  for  mastery,  carefully  review  this  checklist.  You  will  be  eval¬ 
uated  on  the  basis  of  this  checklist.  When  you  feel  you  are  ready  for  evaluation,  contact  your 
instructor.  You  must  complete  your  performance  within  5Q  minutes  and  must 

score  at  least  _ out  of _ points  nr  lOO _ %  for  mastery.  Critical 

items  are  marked  with  an  asterisk  (*).  These  items  must  be  satisfactorily  completed. 


Directions  To  The  Evaluator: 

The  student  will  contact  you  when  ready  for  the  evaluation.  The  student  must  complete 

the  performance  within _ sn  minutPR  and  must  score  ___La _ mitnf  is 

points  or - %  and  all  items  marked  with  an  asterisk  (*)  must  be  satisfactorily 


completed. 
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PERFORMANCE/PRODUCT  CHECKLIST 


ARTICLE  -  "OLD"  SMOKE  IS  STILL  BAD  SMOKE 

YES  NO 

*Linespace  is  70.  (Margins  must  be  even.) 

_  _  *Vertical  spacing  is  1. 

_  _  *Tabs  are  at  5,  10,  15. 

_  *Pr intout  is  proportionally  spaced. 

_  _  *Pr intout  is  justified. 

_  _  *A11  errors  corrected. 

_  _  *Paragraphs  indented  5  spaces. 

_  _  *Headings  are  centered. 

_  *A  triple  space  follows  the  heading. 

_  _  *One  blank  line  appears  between  paragraphs. 

*In  second  printout,  the  second  paragraph  is 
printed  in  a  different  type  style. 

TABULATION  -  DELTA  PI  EPSILON 

_  *There  are  six  spaces  between  columns. 

_  _  *There  is  a  2- inch  top  margin. 

_  _  *Vertical  spacing  is  2. 

_  _  *Printout  is  proportionally  spaced. 

_  _  *Right  and  left  margin  are  equal. 

_  *A  triple  space  follows  the  main  heading. 

_  *A11  keyboarding  errors  corrected. 
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PROJECT  SUMMARY  SHEET  170.B.10 


Exercises  completed  as  directed. 

STOCKHOLDERS  ___ 

PROPORTIONAL  SPACE  _ _ _ 

COLORS  __ 

CUMBERSOME  TYPING  ___ 

INSURANCE  PLANS  ____ 

THE  FOX  _ _ 

NEW  ACCOUNTS  ; _ 


CRITERON  EXAM 

PART  I 
PART  II 
PART  III 
PART  IV 


NAME  _ _ _ _ _  ^ATE 

POINTS 

SAVE  THIS  PAGE! ! ! ! 
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PERFORM  ADVANCED  PRINTING 
170. B. 10 


The  purpose  of  this  exam  is  to  determine  whether  or  not  you  have  under¬ 
stood  the  information  presented  on  advanced  printing  on  a  Wang  OIS  60 
Information  Processing  System. 


Directions: 


PART  I 

Write  your  answers  in  the  space  provided  to  the  left  of  the 
question.  Select  the  answer  that  best  completes  or  defines  the 
statement.  A  minimum  score  of  90  percent  is  required. 

PART  II 

Keyboard  the  document  as  directed.  Follow  all  instructions  given 
for  formatting  the  text.  Correct  any  errors  made.  A  maximum  time 
of  30  minutes  will  be  allowed  to  complete  this  part  of  the 
examination. 

PART  III 

Print  out  the  article  "'OLD'  SMOKE  IS  STILL  BAD  SMOKE"  using  stop 
codes.  Instructor  must  observe. 

PART  rv 

Keyboard  the  list  of  officers  as  directed.  All  errors  must  be 
corrected.  Follow  all  instructions  given  for  formatting  the  text. 
A  maximum  time  of  20  minutes  will  be  allowed  to  complete  this 
part  of  the  examination. 
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NAME 


DATE 


PART  I 

PERFORM  ADVANCED  PRINTING 

170. B. 10 

DIRECTIONS: 

Select  the  answer  that  best  completes  or  defines  the 
statement.  Write  the  letter  that  comes  before  the  correct 
answer  on  the  blank  provided. 

_ _  1. 

To  print  document  that  use  more  than  one  type  style,  you  must 
-« — —  the  printer  to  install  the  appropriate  print  wheel. 

2. 

The  stop  function  is  available  only  on - printers. 

3. 

You  must  use  — - »(#)  of  stop  graphics  when  printing  in 

two  different  type  styles. 

4. 

When  printing  text  that  has  stop  graphics,  you  must  enter  one 
character  set  for  each  different  - . 

5. 

To  add  a  stop  graphic,  you  must  press  — - ,  press  - , 

and  press  - . 

6. 

On  a  proportionally  spaced  print  wheel,  each  character  is 
assigned  a  -  unit  value. 

7. 

To  print  proportionally  spaced  text,  you  must  install  a 

-  spaced  print  wheel  on  the  printer  and  select  - 

from  the  print  document  menu. 

8. 

Characters  -  (do/do  not)  display  on  the  screen 

proportionally  spaced,  each  character  uses  the  same  amount  of 
space  on  the  screen. 

9. 

Tabbed  text  -  (may /may  not)  align  when  vou  print 

it  using  a  proportionally  spaced  print  wheel. 

10. 

To  avoid  misaligning  proportionally  spaced  columnar  text,  you 

should  set - tab  stop  between  columns  and  allow  - 

of  space  between  tab  stops. 

11. 

To  hyphenate  proportionally  spaced  text,  insert  a  -  and 

a  -  at  the  correct  position. 

12. 

When  you  use  the  underscore  character  alone  (to  orint  a  line) 
in  proDortionally  spaced  text,  the  line  shortens  by 
approximately  - . 

13. 

Text  (will/will  not)  print  out  exactly  as  it  appears 

on  the  screen  when  using  prooortional  spacing. 

Program  Task  Page 
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PART  I  (Continued) 


Write  the  letter  that  cornes  before  the  correct  answer  on  the  line 
provided.  You  may  use  each  answer  only  one  time. 


A,  line 

B ,  stop 

C,  will 

D,  will  not 

E,  may 

F ,  may  not 

G,  do 

H,  do  not 

I ,  plenty 

J,  PS 

K,  proportionally 

L,  one 

M,  two 

N,  stop 

O,  character 

P,  print  wheel 

Q,  space 

R,  different 

S ,  execute 

T,  hyphen 

U,  insert 

V,  1/3 

W,  1/4 

X,  1/5 
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PART  II 


Directions: 


Type  the  article  that  follows.  Correct  any  errors 
you  make. 


Format  Requirements;  Linesp.  70,  Vertical  spacing  1,  Tate  5,  10,  15 

Proportional  Spacing,  Copy  Justified 


"OLD”  SMOKE  IS  STILL  BAD  SMOKE 


Can  inhaling  the  smoke  from  other  people's  cigarettes  be  hazardous  to 
your  health?  According  to  one  recent  study,  nonsmokers  who  spend  time  in 
smoke-filled  rooms  may  run  a  greatly  increased  risk  of  smoke  and  heart  attack. 

Helmut  Sinzinger  and  a  research  team  at  the  University  of  Vienna  Medical 
School  put  nine  nonsmokers  in  a  room  filled  with  smoke  from  30  cigarettes. 
After  15  minutes  they  tested  the  subjects'  platelets — clot-forming  particles  in 
the  blood— for  sensitivity  to  prostaglandins,  blood-borne  chemicals  that  keep 
platelets  from  sticking  together.  Tests  have  demonstrated  a  strong  link 
between  this  sensitivity  and  heart  attack  and  stroke. 

The  platelets  were  found  to  be  75  percent  less  sensitive  than  usual;  in 
other  words,  the  prostaglandins  were  largely  blocked  from  doing  their  job, 
o-reatly  increasing  the  nonsmokers'  risk  of  developing  life-threatening  blood 
clots.  Even  an  hour  after  leaving  the  smoky  room,  sensitivity  was  still 
substantially  lowered. 

Although  smokers  exposed  to  the  same  conditions  had  no  significant 
response,  regular  smoking  had  permanently  cut  their  platelet  sensitivity  in  half. 

Sinzinger  says  that  nonsmokers  in  smoky  atmospheres  may  run  about  the 
same  risk  of  stroke  and  heart  attack  as  those  who  regularly  smoke  up  to  a  pack 
a  day.  And,  given  their  lower  tolerance  to  smoke,  even  an  occasional  puff  may 
be  dangerous  to  those  who  don't  smoke. 

0007S 


SOURCE:  SCIENCE  DIGEST  -  1984 
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Dir6Ct,ions:  Ins6rt  stop  cod©s  befor©  th©  "H  in  H©linut  and  aft©r  strok©, 
in  th©  s©cond  paragraph  of  th©  art  id©  you  just  print©d. 

During  print  out,  chang©  th©  print  wh©©l  so  that  th©  s©cond 
paragraph  of  this  articl©  is  print©d  in  a  diff©r©nt  typ© 
styl©  from  th©  r©st  of  th©  articl©.  PRINT  THE  DOCUMENT  SUMMARY 

Instructor  must  obs©rv©  as  you  p©rform  this  op©ration. 
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PART  IV 


Directions:  Type  the  list  of  officers  that  follows.  Correct  any 

errors  you  make  while  keyboarding. 

Format  Requirements:  6  spaces  between  columns,  2-inch  top  margin, 

vertical  spacing  2,  print  in  proportional  spacing 


DELTA  PI  EPSILON 

Chapter  Executive  Board  and  Officers 


/ 


Position 

Name  / 

Richard  Adams 

Address 

Phone 

President 

1234  East  Maine 

345  9807 

Vice-President 

Karen  Webster 

2  Indian  Hill 

890  7896 

Corresponding 

Secretary 

Virgina  Walstrom 

16  Green  Street 

HO 

896  6743 

Recording 

Secretary 

Pat  Ingersol 

27  Olive  Street 

980  7865 

Treasurer 

Paul  Oregon 

11  Willow  Lane 

237  8973 

Historian 

William  Robinson 

12  Forest  Lane 

529  0921 

Newsletter 

Patricia  Qlaon 

11  Wine  Street 

217  5444 

PRINT  A  HARDCOPY  OF  THE  ABOVE  STATISTICAL  TABLE  AND  THE  DOCUMENT  SUMMARY. 
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STUDENT  LEARNING  GUIDE 


Produced  By  Robinson 


Date  02/05/85 


TASK: 


Print  documents  using  the  dual  column  feature  on  the  Wang  OIS  60 
Information  Processing  System. 


PURPOSE; 


The  dual  column  feature  on  the  Wang  OIS  60  allows  the  operator 
to  print  text  in  two  columns.  The  final  printout  looks  similar 
to  that  found  in  printed  textbooks.  This  feature  may  also  be 
used  for  printing  telephone  lists,  personnel  lists,  and  address 
lists . 


INFORIIATION  PROCESSING 


( Program 

Task 

Est.Time 

Prereq^ 

1  soo 

170B12 

5  hours 

170B1 

LEARNING  CONTRACT  (optional) 


/T.  STUDENT  DATA 

I 

name  social  security  number 

length  of  contract  (NORMAL  TIME  IN  HOURS) 

2.  TERMINAL  PERFORMANCE  OBJECTIVE 

Given  the  Wang  OIS  60  Information  Processing  System,  the  needed  data,  and  supplies, 
print  text  using  the  dual  column  feature. 

To  master  this  task,  you  must  score  11  out  of  13  on  a  written  exam  and  15  out  of 
15  on  a  product  checklist. 


2a.  INTERMEDIATE  OBJECTIVE(s) 

1.  Print  documents  using  the  dual  column  feature  available  on  the  Wang  OIS 
60  Information  Processing  System. 

4S^ 


3.  AGREEMENT 


requirement  within 


_  agree  to  complete  the  above  stated  terminal  performance 
to _ I  further  recognize  that  the  conditions  of  the 


contract  (performance  and  time  agreement)  report  my  ability  to  perform  the  requirements  of  the 
occupation  and  record  my  progress. 


Student’s  Signature 


Instructor’s  Signature 

(verifies  competency) 
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INTERMEDIATE  OBJECTIVE  • 


1 


Print  documents  using  the  dual  column  feature  available  on  the  Wang  OIS  60 
Information  Processing  System. 


LEARNING  STEPS  (Activities) 

1 .  To  print  text  using  the  dual  column 
feature,  complete  Resource  . 

2.  To  print  text  that  is  to  be  read 
continuously  using  the  dual  column 
feature,  see  Resource  #2. 

3 .  To  keyboard  text  that  is  to  be 
printed  using  dual  column,  complete 
Resource  #3. 

4 .  To  align  sections  of  dual  column 
text  horizontally,  see  Resource  "#4. 

5.  See  Resource  //5  to  print  stand-alone 
pages  while  using  the  dual  column 
print  feature  for  other  pages. 

6.  To  review,  complete  Resource 
and  f/bB. 


7 .  Complete  Resource  #7A  and  #7B  to 
measure  your  ability  to  print  text 
using  the  dual  column  feature  on 
the  Wang  OIS  60  Information  Process¬ 
ing  System. 


RESOURCES 

1.  Read  pages  12-01  to  12-12  in 
WANG  -  DUAL  COLUMN  completing 
exercises  as  directed. 

2.  Read  pages  12-13  to  12-17  in 
WANG  -  DUAL  COLUMNS.  Complete 
exercises  as  directed. 

3.  Complete  exercise  as  directed 
on  page  12-18  to  12-22  in 
WANG  -  DUAL  COLUMN. 

4.  Read  pages  12-23  to  12-25  in 
WANG  -  DUAL  COLUMN  completing 
exercises  as  directed. 

5.  Read  pages  12-26  to  12-37  in 
WANG  -  DUAL  COLUMN.  Complete 
exercises  as  directed. 

6A.  Read  Information  Sheet  170. B. 12  on 
guide  pages  4  and  5 . 

6B.  Complete  skill  building  exercises 
on  pages  12-43  to  12-51  in 
WANG  -  DUAL  COLUMN. 

7A.  Product/Perf ormance  Checklist  on 
guide  pages  6  and  7. 

7B .  Criterion  Exam  170. B. 12. 
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DUAL  COLUMN  PRINTING 
INFORMATION  SHEET 
170. B. 12 


The  dual  column  printing  feature  on  the  Wang  allows  the  operator  to 
print  such  items  as  mailing  lists,  address  lists,  personnel  lists  in  two 
separate  columns.  Text  materials  may  also  be  printed  in  dual  columns  with 
each  column  justified. 

The  text  that  follows  would  appear  in  final  printout  as  shown. 
However,  when  keyboarded  each  column  would  appear  on  a  separate  page. 

John  Jones  Alexis  Lewis 

Apt.  2C  12  Anderson  Avenue 

5  Weidner  Rd.  Wheeling,  IL  60090 

Buffalo  Grove,  IL  60090 

Why  would  an  operator  want  to  put  each  column  on  a  separate  page? 
Editing  the  document  would  be  much  easier  if  columns  were  keyboarded  on 
separate  pages.  If  a  line  is  added  to  one  column  in  the  sample  above, 
you  would  be  adding  a  line  to  the  second  column.  When  columns  are 
keyboarded  on  separate  pages,  this  does  not  happen. 

Each  column  may  be  keyboarded  in  the  same  document  with  each  on  a 
separate  page  or  it  is  possible  to  create  each  column  in  a  separate 
document . 


PRINTING  DUAL  COLUMN  DATA 

1.  When  the  data  has  been  keyboarded  for  each  column,  select  SPECIAL 
PRINT  FUNCTIONS  from  the  main  menu. 

The  following  choices  will  aopear: 

.  Cancel  Print  Request 

Select  Next  Printed  Document 
Merge  Print 
.  ■  Dual  Column  Print 
.  Print  Index 

2,  Select  DUAL  COLUMN  PRINT  by  moving  the  acceptance  block  in 
front  of  that  option. 

3.  Enter  the  ID  number  for  the  document  to  be  printed  after  the 
prompt  -  PLEASE  ENTER  DOCUMENT  ID: 

4,  If  the  text  is  stored  in  two  different  documents,  enter  the 
second  identification  number  after  the  prompt  -  SECONDARY 
DOCUMENT  ID: 
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5. 


Complete  the  PRINT  DOCUMENT  menu  as  follows. 


a.  Enter  the  appropriate  Character  Set  No.  and  Printer  No. 
b!  Enter  the  two  left  margins  -  one  for  each  column. 

use  this  formula  to  calculate  the  left  margins  for  the 
columns . 


TOTAL 

SPACES 

REQUIRED 


Line  length  of  Column  1 
+  Spaces  to  be  left  between  columns 
+  Line  length  for  Column  2 
=  Total  spaces  required 


LEFT  MARGIN  FOR 
COLUMN  1 


Total  spaces  available  85  or  102 
Total  spaces  required 
Total  spaces  for  margins 
2 


LEFT  MARGIN  FOR  = 
COLUMN  2  + 

+ 


Left  margin  for  Column  1 
Line  length  of  Column  1 
Spaces  to  be  left  between  columns 
Left  margin  for  Column  2 


STAND-ALONE  PAGES 

If  you  choose  to  have  a  stand-alone  page  (a  page  that  does  not 
contain  dual  column  text)  printed  in  the  middle  of  dual  column  text, 
follow  these  steps. 

1.  At  the  beginning  of  the  stand-alone  page 
Press  SHIFT  and  MERGE  then  RETURN. 

2.  At  the  bottom  of  the  stand-alone  page,  add  a  page  break 
if  one  is  not  already  there. 


SOURCE:  WANG  LABORATORIES  -  DUAL  COLUMN 
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PERFORMANCE/PRODUCT  CHECKLIST 


Program:  secretarial  office  occupations /information  processing 


Task  No:  170.B.12 


Student’s  Name: 


Evaluator’s  Name: 


Date  Of  Attempt: 
Evaluation  Site:  _ 


Performance  Attempt:  12  3  4 


Terminal  Performance  Objective:  '  — 

Given  the  Wang  OIS  60  Information  Processing  System,  the  needed  data,  and  supplies, 
print  text  using  the  dual  column  feature. 

To  master  this  task,  you  must  score  11  out  of  13  on  a  written  exam  and  15  out  of  15 
on  a  product  checklist. 

Directions  To  The  Student: 

Before  attempting  this  task  for  mastery,  carefully  review  this  checklist.  You  will  be  eval¬ 
uated  on  the  basis  of  this  checklist.  When  you  feel  you  are  ready  for  evaluation,  contact  your 

instructor.  You  must  complete  your  performance  within - - minutes  and  must 

score  at  least _ out  of  _ _ points  or - 100_%  for  mastery.  Critical 

items  are  marked  with  an  asterisk  (*).  These  items  must  be  satisfactorily  completed. 


Directions  To  The  Evaluator: 

The  student  will  contact  you  when  ready  for  the  evaluation.  The  student  must  complete 

the  performance  within _ 55 _ minutes  and  must  score - out  of — - -  _ 

points  or  _ _ %  and  all  items  marked  with  an  asterisk  (*)  must  be  satisfactorily 


completed. 
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PERFORMANCE/PRODUCT  CHECKLIST 


PART  II 


Yes  No 


1.  Each  column  must  be  36  spaces  in  length. 

2 .  There  must  be  10  spaces  between  columns . 

3.  There  must  be  an  eg[ual  left  and  right  margin. 

4.  There  must  be  a  5-space  tab  indention. 

5.  The  title  must  be  centered  over  both  columns. 

6.  There  must  be  no  errors  in  text. 

7.  Both  columns  must  be  justified. 

8.  Dual  column  must  be  used  to  print  out  the  hard  copy, 


PART  III 


Yes  No 


1. 

2. 

3. 

4. 


5, 

6 


7 


List  of  addresses  is  created  using  a  40  space  line. 
Vertical  spacing  of  1  is  used. 

All  errors  are  corrected. 

Merge  graphics  are  entered  after  each  section  of 
data. 

One  blank  line  is  left  between  sections, 
sections  on  left  line  up  with  sections  on  right  at 
the  top. 

Left  and  right  margins  are  even. 
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PROJECT  SUMMARY  SHEET 
170. B. 12 


TRAINING  DOCUMENTS 

ADDRESS  LIST  __ 

LET '  S  COMPARE  _ _ 

HORIZONTAL  ALIGN  _ _ 

TELEPHONE  LIST  _ _ 

NEW  DOCUMENTS 

DUAL  COLUMN  __ 

SPECIAL  DUAL 

COLUMN  1  __ 

SPECIAL  DUAL 

COLUMN  2  _ 

BROCHURE  _ 

CRITERION  EXAM  17Q.B.12 
WRITTEN  CRITERION  EXAM  -  PART  I 


DUAL 

COLUMN 

TEXT 

-  PART 

II 

DUAL 

COLUMN 

LIST- 

-  PART 

III 
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INFOW^TION/WORD  PROCESSING 
SECRETARIAL  OFFICE  OCCUPATIONS 
CRITERION  EXAM 

TASK  170. B. 12 

The  purpose  of  this  exam  is  to  determine  whether  or  not  you  have  under¬ 
stood  the  information  presented  on  dual  column  printing  on  a  Wang  OIS  60 
Information  Processing  System. 


Directions: 


PART  I 

Write  your  answers  in  the  space  provided  to  the  left  of  the 
question.  Select  the  answer  that  best  co^letes  or  defines  the 
statement.  A  minimum  score  of  90  percent  is  required. 

PART  II 

Keyboard  the  document  as  directed.  Follow  all  instructions  given 
for  formatting  the  text.  Correct  any  errors  made.  A  maximum  time 
of  40  minutes  will  be  allowed  to  complete  this  part  of  the 
examination. 

PART  III 

Keyboard  the  list  of  addresses  as  directed.  All  errors  must  be 
corrected.  Follow  all  instructions  given  for  formatting  the  text. 
A  maximum  time  of  15  minutes  will  be  allowed  to  complete  this 
part  of  the  examination. 
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DUAL-COLUMN  FEATURE 
Wang  OIS  60  Word  Processing 
170. B. 12 

DIRECTIONS:  Write  the  letter  that  comes  before  the  correct  answer  on  the 
the  blank  line. 

1.  To  print  two  columns  (each  column  located  in  a  separate 
document ) ,  you  must  select 

a.  Two  Column  Print 

b.  Multiple  Column  Print 

c.  Column  Print 

d.  Dual  Column  Print 

2.  If  you  attempt  to  edit  two  columns  (both  on  the  same  screen) 
by  adding  a  line  to  the  left  column,  the  second  column 

a.  will  have  a  line  added  to  it  also. 

b.  will  have  a  line  deleted  from  it. 

c.  will  drop  down  one  line. 

d.  both  a  and  c. 

_  3.  Margins  for  both  the  left  and  right  column  are  set  on  the 

_ _  menu. 

a.  Special  Print  Functions 

b.  Print  Document 

c.  Dual  Column 

d.  Two  Column  Print 

_  4.  To  calculate  the  left  margin  for  the  right-hand  column,  add 

the  following. 

a.  Left  margin  for  left-hand  column  and  the  line  length 
of  the  left-hand  column 

b.  Left  margin  for  left-hand  column  and  the  desired 
space  between 

c.  Left  margin  for  left-hand  column  and  the  right  margin 
for  the  right-hand  column 

d.  None  of  the  above 

_  5.  The  left  margin  for  the  left-hand  column  of  a  dual  column 

print  would  be  _  if  the  left  column  longest  line  is  20, 

the  right  column  longest  line  is  30,  and  10  spaces  are  to  be 
left  between  columns.  The  document  will  be  printed  using  a 
12-pitch  print  wheel. 

a.  013 

b.  021 

c.  027 

d.  None  of  the  above 
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6.  The  left  margin  for  the  right-hand  column  in  #5  would  be 

a.  061 

b.  051 

c.  043 

d.  None  of  the  above 

7.  When  you  are  printing  dual  columns,  the  line  spacing  is 
determined  by  the  vertical  line  spacing  set  in  the 

a.  format  line  set  in  the  print  document  menu. 

b.  format  line  set  in  the  left  column. 

c.  format  line  set  in  the  right  column. 

d.  format  line  set  with  the  lowest  numbered  document  ID. 

8 .  If  you  have  text  stored  in  two  separate  documents  and  are 
printing  out  dual  columns,  the  right  column 

a.  should  be  longer  than  the  left. 

b.  should  not  be  longer  than  the  left. 

c.  can  either  be  longer  or  shorter  -  it  makes  no 
difference . 

d.  None  of  the  above. 

9.  If  you  create  one  document  for  printing  text,  the  printer 
starts  a  new  page  after  reading  two  page  breaks  (one  for  each 
column)  thus 

a.  it  makes  no  difference  whether  one  column  is  longer 
than  the  other. 

b.  the  columns  must  be  the  same  length. 

c.  the  left  column  must  always  be  longer  than  the  right. 

d.  None  of  the  above. 

10.  To  align  sections  of  text  in  dual  column  printing,  you  should 

press  _ after  each  section. 

a.  PAGE 

b.  SHIFT  +  PAGE 

c.  COMMAND  +  PAGE 

d.  None  of  the  above. 

11.  To  create  a  stand-alone  page  when  printing  dual  columns  (All 
text  is  stored  in  the  same  document.),  you  must  depress 

before  the  stand-alone  page  and  _  after  the  stand-alone 

page. 

a.  PAGE,  SHIFT  and  MERGE 

b.  COMMAND  and  PAGE,  MERGE 

c.  SHIFT  and  MERGE,  PAGE 

d.  None  of  the  aoove 
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3  ^ 

12.  If  you  are  using  two  documents  to  store  text  for  dual  column 

print,  you  create  stand-alone  pages  by  pressing  _  at  the 

bottom  of  the  right-hand  column  that  precedes  the  stand-alone 
page, 

a.  MERGE  and  then  COMMAND 

b.  MERGE  and  then  RETURN 

c.  MERGE  and  then  SHIFT 

d.  None  of  the  above 

13.  If  you  are  using  two  documents  to  store  text  for  dual  column 

printing,  you  end  the  stand-alone  page  by  pressing  _  and 


a.  MERGE  and  RETURN 

b.  MERGE  and  then  COMMAND 

c.  MERGE  and  then  SHIFT 

d.  None  of  the  above 
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PART  II 


DIRECTIONS : 


Type  the  text  that  appears  on  the  paqe  that  follows. 
Co^ect  any  errors  you  make  while  keyboardinq. 

Create  both  pages  in  the  saine  docuinent. 

set  the  linespace  for  36  with  a  tab  at  5. 

Leave  10  spaces  between  the  columns. 

center  the  title  over  both  columns. 

Justify  each  column. 

-  Text  must  have  an  equal  left  and  riqht  raarqin  when 
printed. 

Use  dual  column  to  print  out  a  hard  copy  of  text. 
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COMPUSERVE  FOR  COLLEGE-BOUND 


Making  the  decision  about 
which  college  to  attend  can  be  dif¬ 
ficult,  but  the  Consumer  Informa¬ 
tion  Service  can  offer  invaluable 
assistance  to  high-school  students 
and  their  parents  through  two  on¬ 
line  services^  /^%ie  College  Board 
and  The  College  Press  Service. 

The  College  Board  (GOTCB  at 
the  1  prompt)  is  operated  by  the 
College  Entrance  Examination  Board, 
the  same  organization  that  adminis¬ 
ters  the  Scholastic  Aptitude  Test 
(SAT)  required  for  admission  to 
most  colleges  and  universities. 

Does  special  preparation  for 
the  college  board  examination  help 
students  increase  their  scores?  The 
publishers  of  the  tests  tackle  this 
frequently  asked  question  and 
offer  six  specific  points  students 
should  consider  when  preparing  for 
the  SAT.  In  addition,  the  Advanced 
Placement  program,  which  allows 
secondary-school  students  to 
complete  college  level  courses  for 
college  credit  while  still  in  high 
school,  is  thoroughly  explained. 
There  is  also  a  valuable  listing  of 
important  dates,  so  students  will 
be  sure  to  complete  necessary 
admission  deadlines. 

Before  deciding  where  all  that 
tuition  money  will  be  spent, 
students  and  parents  need  a  plan. 
Under  the  college  planning  section, 
they  will  receive  hints  on  how  not 
to  choose  a  college,  and  look  at 
some  of  the  myths  surrounding  col¬ 
lege  selection  and  admission.  For 
instance,  is  there  only  one  college 
that  will  satisfy  all  of  a  stu¬ 
dent's  needs,  or  are  all  colleges 
really  the  same? 

Adults  who  are  considering 
returning  to  college  would  do  well 
to  review  the  section  on  Adult  Edu¬ 
cation  in  The  College  Board,  in 


SOURCE:  ONLINE  TODAY,  August,  1984. 


addition  Ao  an  overview  of  learn¬ 
ing  alternatives  for  adults,  the 
section  addresses  the  10  most  com¬ 
mon  fears  of  adults  who  are  consid¬ 
ering  returning  to  school. 

The  College  Board  also  offers 
detailed,  easy-to-under stand 
explanations  of  the  complicated  and 
ever-increasing  financial  aid  pro¬ 
grams  now  available  to  college  stu¬ 
dents.  And  for  those  who  want  more 
information,  a  listing  of  college¬ 
planning  publications  is  presented. 

Current  news  and  information 
about  a  number  of  specific  colleges 
and  universities  are  available  from 
The  College  Press  Service  (GO  CPS). 
Launched  as  a  national  college  news 
service  for  collegiate  publications, 
CPS  has  played  an  important  part  in 
keeping  students  and  parents 
informed  '  o^^^^ampus  events  and 
trends,  as-  well  as  specific 
admission  and  , recruitment  policies, 
federal  and  state  legislation, 
financial  aid  information,  court 
decisions,  classroom  trends,  funding 
patterns,  and  student  goings-on. 

Updated  weekly.  The  College 
Press  Service  presents  concise 
bulletins  under  Campus  News  Briefs 
or  news  stories  under  Campus  News  in 
Depth. 

With  the  start  of  the  school 
year  in  September,  CPS  will  offer 
online  National  Campus  Classifieds, 
where  individuals  may  post  notices, 
advertisements  or  messages  of  50 
words  or  less  for  as  little  as  $9  a 
week,  (This  is  the  high-tech  way  to 
catch  a  ride  home  for  Thanksgiving!) 

So  before  writing  away  for 
hundreds  of  college  catalogs  or 
raiding  the  local  bookstore  for  SAT 
preparation  guides,  enlist  Compu¬ 
Serve  to  help  make  one  of  the  big¬ 
gest  decisions  of  a  lifetime  a  lit¬ 
tle  easier. 
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PART  III 


DIRECTIONS:  Create  a  new  document. 

Keyboard  the  list  of  addresses  that  follows.  Correct  any 
errors  you  make  while  keyboarding.  After  each  section  of 
text,  enter  a  merge  graphic.  Press  return  after  each  merge 
SO  that  you  will  have  a  blank  line  between  secions. 

Use  a  linespace  of  40?  no  tabs  are  needed.  Set  vertical 
spacing  at  1. 


Eugene  Strunk 
227  N.  Missouri 
Morton,  IL  61550 

Andrew  Parker 
Apt.  3 

416  Chamberlain 
South  Bend,  IN  46615 

Jim  Danenhauer 
5425  N.  Depew  St. 
Arvada,  CO  80002 

J.  E.  Falkner 

1733  N.  Utah  Avenue 

Oklahoma  City,  OK  73107 
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PART  Ill-Continued 


DIRECTIONS:  Create  a  new  document. 

Keyboard  the  list  of  addresses  that  follows.  Correct  any 
errors  you  make  while  keyboarding.  After  each  section  of 
text,  enter  a  merge  graphic.  Press  return  after  each  merge 
graphic  so  that  you  will  have  a  blank  line  between  secions. 

Use  a  linespace  of  40?  no  tabs  are  needed.  Set  vertical 
spacing  at  1. 


R.  A.  Anderson 
Apt.  6 

200  Elm  Street 
Leominister,  MA  01453 

Wm  Skelly 
45  Holly  Road 
Coatesville,  PA  19320 

Maurice  Milleville 
11200  Lindale 
St.  Ann,  MO  65449 

Steve  Reed 
Herod,  IL  62947 
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PART  Ill-Continued 


DIRECTIONS : 

Set  the  left  margin  for  7  for  Column  1  and  the  left  margin 
for  55  for  Column  2.  Use  a  12-pitch  print  wheel. 

\ 

Instructor  must  observe  as  data  is  printed  in  dual  columns. 


Return  to  the  word  processing  menu.  Select  special  print 
functions.  Using  dual  column,  print  a  hard  copy  of  the  list 
nf  addresses. 
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TASK: 


Merge  two  documents  on  the  Wang  OIS  60 


PURPOSE:  The  merge  print  feature  on  the  Wang  OIS  60  enables  the  operator 

to  merge  a  form  letter  with  a  list  of  variables  so  that  letters 
may  be  personalized.  These  documents  are  merged  at  the  printer 
and  are  not  stored  on  disk  in  their  final  form. 


INFORMATION  PROCESSING 


( Program 

Task 

Est.Time 

PrereqT^ 

V  soo 

170B13 

6-10  hrs . 

170B1  ^  170B12 

J 


LEARNING  CONTRACT  (optional) 


2.  TERMINAL  PERFORMANCE  OBJECTIVE 

Given  a  Wang  OIS  60  workstation,  the  needed  data,  and  supplies,  merge  a  primary 
and  a  secondary  document  to  printer. 

To  master  this  task,  you  must  score  LI  out  of  12  on  a  written  exam  and  score 
9  out  of  9  on  a  product  checklist. 


2a.  INTERMEDIATE  OBJECTlVE(s) 

1 .  Merge  a  primary  and  a  secondary  document  on  the  Wang  OIS  60 . 
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^  J 

INTERMEDIATE  OBJECTIVEn 

Merge  a  primary  and  a  secondary  docioment  on  the  Wang  OIS  60 


LEARNING  STEPS  (Activities) 

1.  See  Resource  //I  to  learn  how  to 
create  the  primary  document  and 
to  gain  practice  in  creating  the 
primary  document. 

2.  Complete  Resource  #2  to 
create  the  secondary  document. 


RESOURCES 

1.  Read  pages  13-3  to  13'“5  in 
WANG  -  MERGE  PRINT.  Complete 
the  exercise  as  directed. 

2.  Read  pages  13-6  to  13-9  in 

WANG  -  MERGE  PRINT  completing  the 
exercises  as  directed. 


3.  To  merge  a  letter  with  a  list  of 
variables ,  see  Resource  //3. 


4.  To  make  sets  of  variable  data 
easier  to  read,  complete  Resource 
#4. 

5.  To  merge  a  form  envelope  with 
a  list  of  variables,  read  and 
complete  Resource  #5. 


3.  Read  pages  13-10  to  13-11  in 
WANG  -  MERGE  PRINT.  Complete 
exercise  as  directed  on  page 
13-12  in  MERGE  PRINT. 

4.  Read  page  13-13  to  13-14  in 
WANG  -  MERGE  PRINT. 

5.  Read  page  13—15  in  WANG  -  MERGE 
PRINT  completing  the  exercise 
as  directed. 


6.  To  gain  additional  skill  in 

merging  data,  complete  Resource  y/6. 


6.  Complete  exercise  as  directed 

on  page  13—16  to  13—20  in  WANG  - 
MERGE  PRINT. 


7.  To  review,  complete  Resource  #7A 
and  #7B. 


7A.  Read  pages  13-21  to  13-23  in 
WANG  -  MERGE  PRINT .  Read  pages 
4  to  8  in  this  guide. 


7B. 


Complete  skill  building  exercises 
on  page  13-24  to  13-33 -in  MERGE  PRIN 


r 


8 .  To  measure  your  ability  to 

merge  a  primary  and  a  secondary 

document,  complete  Resources  ^f8A 

and  8B . 


8A.  Read  the  Product /Performance  Check¬ 
list  found  on  pages  9  and  10  in 
this  guide. 

8B.  Complete  Criterion  Exam  170.3.13. 
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INFORMATION  SHEET  #1 

MERGE  PRINT 
170,B.13 


The  merge  print  feature  allows  the  operator  to  merge  a  letter 
(primary  document)  with  a  list  of  variables  at  the  printer.  The  merged 
document  is  not  stored  on  disk  during  this  process. 


A  sample  primary  document  follows. 


November  10,  198- 


'“MERGE  CODE 


N  \ 


N  \ 

"-A 


Dear  5 

Thank  you  for  your  recent  request  for  our^  catalog.  The  catalog  you 
requested  has  been  mailed  to  you.  \ 

\ 

\ 

We  look  forward  to  receiving  your  first  order 
Sincerely, 


John  Smith 
Director  of  Sales 


Variable  data  follows.  This  data  will  be  inserted  in  sequence  at  the 
MERGE  codes. 


Mr.  John  Adams 

49  South  Lindenberry  Avenue 

Grayslake,  IL  60030  Mr.  Adams  Christmas  John 
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Information  Sheet  #1  (Continued) 
CREATING  A  PRIMARY  DOCUMENT 


Follow  these  steps  when  creating  a  primary  document. 


—  Create  a  new  document. 

—  Keyboard  the  form  letter. 

—  Press  MERGE  in  the  primary  document  where  variable  data  is  to 
be  entered. 


November  10,  198- 


Dear 


Press  CANCEL  and  EXECUTE  to  return  to  the  word  processing 
menu. 


CREATING  THE  SECONDARY  DOCUMENT 

Follow  these  steps  when  creating  the  secondary  document. 

—  Create  a  new  document. 

—  Keyboard  the  variable  data. 

—  End  each  variable  entry  by  pressing  MERGE. 

—  End  each  set  of  variable  entries  by  pressing  SHIFT  +  MERGE. 


Mr.  John  Adams 

49  South  Lindenberrv  Avenue 

Grayslake,  IL  60030^r.  Adams^Jhristmas^ohnms.  Alice  Johnson 

33  East  Weidner  Drive  • - j 

Wheeling,  IL  60090 fMs.  Johnsort^hristmas^Alice J  ' 

•  SHIFT  +  MERGE  CODES 


Press  CANCEL  then  EXECUTE  to  return  to  the  word  processing 
menu. 


Information  Sheet  #1  (Continued) 


Follow  these  steps  to  merge  and  print  the  final  document. 

Select  Special  Print  Functions  from  the  Word  Processing 
Menu. 

—  Enter  the  Primary  Document  ID  No. 

—  Enter  the  Secondary  Document  ID  No. 

—  Complete  the  Print  Document  Menu  that  is  displayed  on  the 
screen. 

—  Press  EXECUTE . 


MAKING  VARIABLES  EASIER  TO  READ 

It  will  be  much  easier  to  read  your  list  of  variable  data  if  you 
insert  carriage  returns  at  the  end  of  each  set  of  variables. 

—  Insert  an  extra  MERGE  GRAPHIC  at  the  beginning  of  the 
primary  document. 


November  10,  198- 


Dear.5  : 


Thank  you  for  your  recent  request  for  our 


^catalog. 


Insert  two  RETURNS  and  a  MERGE  GRAPHIC  at  the  beginning  of 
each  set  of  variables. 


4 

4 


$Mr.  John  Adams^ 

49  South  Lindenberry  Avenue4  ^ 

Grayslake,  IL  6003(^Mr.  Adams^hristmas^ohn  ^  ^ 


^1s.  Alice  Johnson  4 

33  East  Weidner  Drive^  j.  - 

Wheeling,  IL  60090^1s.  JohnsonJchristma^Alice  J 4 
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Information  Sheet  //I  (Continued) 


A  sample  merged  letter  follows. 


November  10,  198- 


Mr.  John  Adams 
49  South  Lindenberry  Avenue  - — 
.Gravslake,  IL  60030 


VARIABLE  DATA 


Dear  (^r.  Adams - 

Thank  you  for  your  recent  request  for  our 
you  requested' has  been  mailed  to  you. 


We  look  forward  to  receiving  your  first  order, i<John 


'catalog.  The  catalog 


Sincerely, 


John  Smith 
Director  of  Sales 
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Information  Sheet  //I  (Contined) 


PRINTING  ENVELOPES  FOR  MERGED  DOCUMENTS 

Envelopes  may  be  printed  for  each  merged  document. 

Follow  these  steps  to  create  the  primary  document  for  the 
envelope . 

— -  Create  a  new  document  and  type  a  don*t  merge  graphic  for 

each  set  of  variables  you  do  not  want  to  print  and  a  merge 

graphic  for  each  variable  you  do  want  to  print. 

—  Press  CANCEL  and  EXECUTE  to  return  to  the  word  processing 
menu. 

Follow  these  steps  to  merge  and  print  the  envelopes. 

■ —  Select  Special  Print  Functions  from  the  Word  Processing 

Menu. 

—  Enter  the  Primary  Document  ID  No.  you  created  for  the 
envelopes . 

—  Enter  the  Secondary  Document  ID  No. 

—  Complete  the  Print  Document  Menu  that  is  displayed  on  the 
screen. 

—  Press  EXECUTE. 


On  the  WANG  OIS  60  INFORMATION  PROCESSING  SYSTEM,  merge  print  is 
the  least  sophisticated  merge  feature.  Merging  can  be  accomplished 
through  Advanced  Function  and  also  through  List  Processing. 


SOURCE: 


WANG  LABORATORIES  -  MERGE  PRINT 
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PERFORMANCE/PRODUCT  CHECKLIST 


Program:  secretarial  office  occupations /information  processing 


Task  No:  i70.b.i3 

Student’s  Name: _  Date  Of  Attempt: 

Evaluator’s  Name: _ Evaluation  Site:  _ 

Performance  Attempt:  12  3  4 


Terminal  Performance  Objective:  ::r — 

Given  the  Wang  OIS  60  Information  Processing  System,  the  needed  data,  and  supplies,  i 
merge  a  primary  and  a  secondary  document  to  printer. 


To  master  this  task,  you  must  score  LI  out  of  12  oh  a  written  exam  and  score  9 
out  of  9  on  a  product  checklist. 


Directions  To  The  Student: 

I 

> 

Before  attempting  this  task  for  mastery,  carefully  review  this  checklist.  You  will  be  eval¬ 
uated  on  the  basis  of  this  checklist.  When  you  feel  you  are  ready  for  evaluation,  contact  your 

instructor.  You  must  complete  your  performance  within  SQ - minutes  and  must 

score  at  least _ out  of _ points  nr  IQQ _ %  for  mastery.  Critical 

items  are  marked  with  an  asterisk  (*).  These  items  must  be  satisfactorily  completed. 


Directions  To  The  Evaiuator: 

The  student  will  contact  you  when  ready  for  the  evaluation.  The  student  must  complete 
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PERFORMANCE/PRODUCT  CHECKLIST 


Yes 


Letter  and  variables  contain  no  keyboarding 
errors. 

Block  style  is  used. 

Paragraphs  are  blocked. 

Single  paragraph  is  block  indented  as  shown. 

Open  punctuation  is  used. 

Left  and  right  margins  are  even. 

Spacing  between  letter  parts  is  correct  as 
shown  on  test. 

Letter  merged  correctly  with  listing  of 
variables. 

Envelopes  are  printed  (following  standard 
formatting  rules)  using  the  merge  feature. 
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PROJECT  SUMMARY  SHEET 


MERGE  PRINT  TRAINING  MANUAL 

The  following  documents  should  be  handed  in  your  instructor  prior  to 
taking  the  post  test. 

Public  Relations  Letter 


Tony  Cartone 
Elizabeth  Lockheed 


Public  Relations  Envelopes 


Tony  Cartone 
Elizabeth  Lockheed 


Primary  Merge  Print 

_  Judy  Smith 

_____  Janet  Snowden 

_  Betty  Armstrong 

Letter 


Francis  Palmer 
James  Mosher 
Julie  Norris 


Envelope 

_  Francis  Palmer 

_  James  Mosher 

Julie  Norris 


CRITERION  EXAM 

_  Written  Exam  (90  percent  required) 

_  PART  II  -  MERGED  LETTER  (100  percent  accuracy  required) 

_  PART  III  -  MERGED  ENVELOPES  (100  percent  accuracy 

required) 


NAME 


DATE  _ 

FINAL  SCORE 
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INFORI^ATION  PROCESSING 
SECRETARIAL  OFFICE  OCCUPATIONS 
CRITERION  EXAM 
170. B. 13 


The  purpose  of  this  exam  is  to  determine  whether  or  not  you  have 
understood  the  procedures  for  MERGING  TEXT  on  a  Wang  OIS  60 
Information  Processing  System. 

DIRECTIONS: 


Written  Exam 

Write  answers  as  directed  on  Part  I  of  this  test.  A  minimum  score  of 
90  percent  (11  answers  correct)  is  required  to  pass  this  part  of  the 
exam. 


Performance 

PART  II  • 

Keyboard  the  PRII^Y  AND  SECONDARY  documents  as  directed  in  Part  II  of 
this  exam.  Merge  the  primary  and  secondary  documents  using  the  special 
print  functions  menu.  All  errors  must  be  corrected. 

Your  instructor  must  observe  as  you  merge  the  primary  and  secondary 
documents.  TIME  ALLOWED:  30  minutes. 

PART  III 

Create  a  PRIMARY  DOCUMENT  for  the  envelope.  Enter  MERGE  AND  DON'T 
MERGE  CODES  as  directed  in  your  training  manual.  Merge  the  PRIMARY 
DOCUMENT  for  the  envelopes  with  the  variables  list  created  in  Part  II. 

Instructor  must  observe  as  documents  merge  and  print.  TIME  ALLOWED: 

20  minutes. 


J 


INFORMATIONAJORD  PROCESSING 
SECRETARIAL  OFFICE  OCCUPATIONS 
MERGE  PRINT 
170. B. 13 

DIRECTIONS:  Write  your  answer  on  the  blank  provided  to  the  left  of  the 

question.  Select  the  letter  that  comes  before  the  answer 
that  best  completes  or  defines  the  statements. 

_  1.  Merge  print  allows  you  to 

a.  personalize  standard  letters. 

b.  merge  standard  text  with  variables. 

c.  both  a  and  b. 

d.  none  of  the  above. 

_____  2.  The  - -  document  contains  the  standard  text. 

a.  essential 

b.  primary 

c.  alternate 

d.  critical 

_  3.  The  operator  types  a  -  graphic  at  each  position  in  the 

document  that  contains  standard  text  where  she/he  wants  the 
printer  to  print  variable  information. 

a.  t 

b.  — f 

•  V 

d.  /K 

V 

_  4.  The  -  document  contains  the  variable  text. 

a.  primary 

b.  alternate 

c .  secondary 

d.  nonessential 
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information/word  processing 

SECRETARIAL  OFFICE  OCCUPATIONS 
MERGE  PRINT 
170.3.13 


5.  Each  variable  entry  should  end  with  a  • — — —  graphic. 


a-  ^ 


<3.  I< - > 

6.  For  each  letter  you  want  to  create  you  must  type  one  set  of 
-  entries. 

a.  standard  ' 

b.  essential 

c.  fixed 

d.  variable 

7 .  A  merge  safeguard  should  be  used  to  end  each  set  of  variable 

entries.  The  merge  safeguard  graphics  is  the  - . 

a.  I 


After  the  standard  and  variable  text  have  been  recorded^  you 
select  the  - -  menu  to  merge  print. 

a.  Special  Print  Functions 

b.  Print  Document 

c.  Utilities 

d .  Document  Index 
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INFORMATION A?0RD  PROCESSING 
SECRETARIAL  OFFICE  OCCUPATIONS 
MERGE  PRINT 
170. B. 13 

9.  To  make  sets  of  variable  entries  easier  to  read,  you  can 
separate  each  set  of  variables  with  a 

a.  merge  graphic. 

b.  shift  and  merge  graphic. 

c.  command  and  return  graphic. 

d.  return  graphic. 

10.  To  print  an  address  on  an  envelope  for  each  letter  merged, 

you  can  use  the  same  -  entries  you  created  to  print 

the  letters. 

a.  primary 

b .  mixed 

~  c'T^^^^tiandard 

d.  variable 

11.  To  print  an  envelope,  you  create  a  new  document  and  type  a 

-  graphic  for  each  variable  entry  you  do  not  want 

to  print  on  the  envelope. 

b.  ^ 

c.  ^ 

d. |-^ 

12.  To  print  an  envelope,  you  create  a  new  document  and  type  a 

-  graphic  for  each  variable  entry  you  do  want 

to  print  on  the  envelope. 

a.  -4 

b.  Z 

c.  — ^ 

d.  $ 
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PART  II 


DIRECTIONS: 


Create  a  new  document  -  a  primary  document.  Type  the 
letter  that  appears  on  the  following  page.  Use  MERGE 
CODES  for  the  address  and  the  salutation.  Correct  any 
errors  you  make  while  keyboarding  the  letter. 

Create  a  secondary  document.  Keyboard  the  list  of 
variables  that  follow  the  letter  use  MERGE  AND  DON'T 
MERGE  GRAPHICS  as  recommended  in  your  MERGE  PRINT 
training  manual. 

Use  the  MERGE  PRINT  feature  to  merge  and  print  letters 
to  each  individual  on  the  variable  list. 


Instructor  must  observe  as  you  merge  and  print  the  first ^ 
document. 


A 
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Today's  Date 


Dear  - 

Many  of  you  have  asked  if  we  could  raise  the  face  airount  of  life  insurance 
available  through  our  group  plan. 

I  am  pleased  to  report  we  have  secured  permission  from  the 
insurer  to  double  the  previous  maximum  —  from  $120,000  up 
to  $240,000  —  and  without  increasing  the  premium  per 
$1,000  coverage. 

I  think  you  will  agree  that  the  new  $240,000  maximum  brings  our  protection  in 
line  with  the  needs  of  many  members  whose  costs  of  living  and  expanded 
lifestyle  can  now  be  served. 

If  your  present  insurance  estate  has  not  kept  pace  with  the  anticipated  living 
costs  of  your  family,  now  is  your  opportunity  to  apply  for  whatever  additional 
coverage  you  need. 

This  competitive,  economical  life  insurance  plan  is  offered  as  a  service  to 
our  members  without  cost  or  benefit  to  your  Association. 

I  urge  you  to  read  carefully  full  details  in  the  enclosed  brochure.  In  our 
opinion,  this  plan  clearly  reflects  the  advantages  of  developing  protection 
exclusively  for  the  career  needs  of  educators  and  their  families. 

We  believe  that  you,  too,  may  find  that  our  plan  meets  your  needs.  If  you  and 
your  family  feel  you'd  be  more  comfortable  accepting  this  invitation,  simply 
complete  the  request  form  and  return  it  to  our  Administrator  in  the  envelope 
provided. 

Sincerely 

NATIONAL  BUSINESS  EDUCATION  ASSOCIATION 


Executive  Director 

XX 

Enclosure 

SOURCE:  NATIONAL  BUSINESS  EDUCATION  ASSOCIATION 
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VARIABLE  DATA 


Mr.  Samuel  Maura 

63  Indian  Hill 

Arlington  Heights,  IL  60004 


Mr.  Dick  Davenport 
12  White  Pine 
Wheeling,  Illinois  60090 


Mr.  Paul  Smith 
3  Palm  Court 
Grays lake,  IL  60030 


Ms.  Irene  Overton 
Apt.  34 

41  Winchester  Lane 
Mackinaw,  IL  61755 


Miss  Tabitha  Weiss 
Apt.  10 

Carriage  House  Lane 
Waukegan,  IL  60085 
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PART  III 


DIRECTIONS;  Create  a  new  document  -  a  primary  document  for  the  envelope. 


Type  the  necessary  MERGE  and  SHIFT  +  MERGE  codes  to  print  out 
the  name  and  address  on  an  envelope. 

Use  the  MERGE  PRINT  feature  to  merge  and  print  an 
envelope  for  each  individual  on  the  variable  list. 


Instructor  must  observe  as  you  merge  and  orint  the  first 
document. 
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TASK:  Sort  data  on  the  Wang  OIS  60  Information  Processing  System 


PURPOSE;  Fields  of  like  data  my  be  sorted  in  either  ascending  or 

descending  order.  Data  may  be  placed  in  alphabetical  or 
numerical  order  depending  upon  the  type  of  data  located  in 
a  particular  field.  This  feature  is  often  used  for  alpha¬ 
betizing  lists  that  change  frequently  such  as  telephone 
lists,  customer  lists,  and  personnel  lists. 


INFORMATION  PROCESSING 
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170.3. L/ 

LEARNING  CONTRACT  (optional) 


2.  TERMINAL  PERFORMANCE  OBJECTIVE 

Given  a  Wang  workstation,  the  needed  data,  and  supplies,  sort  text  in  ascending 
and  descending  order. 

To  master  this  task,  you  must  score  15  out  of  15  on  a  product  checklist  and 
score  15  out  of  17  on  a  written  exam. 


3.  AGREEMENT 


I,  _  agree  to  complete  the  above  stated  terminal  performance 

requirement  within _ to _ I  further  recognize  that  the  conditions  of  the 

contract  (performance  and  time  agreement)  report  my  abiiity  to  perform  the  requirements  of  the 
occupation  and  record  my  progress. 


Student's  Signature 


Instructor  s  Signature 
(verifies  competency) 
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INTERMEDIATE 


OBJECTIVE 


Sort  data  on  the  Wang  OIS  60  Information  Processing  System. 


LEARNING  STEPS  (Activities) 

RESOURCES 

L.  To  sort  text  that  has  been  pre¬ 
viously  keyboarded,  see  Resource  #1. 

1.  Read  instructions  and  complete 
exercises  as  directed  on  pages 

14-3  to  L4-5  in  WANG  -  SORTING 

TEXT. 

2.  To  define  terms  related  to  sort- 
ing  text,  read  Resource  #2. 

2.  Read  pages  14-5  to  14-7  in 

WANG  -  SORTING  TEXT. 

3.  To  prepare  text  to  be  sorted, 
complete  Resource  #3. 

3.  Read  page  14-8  in  WANG  -  SORTING 

TEXT  completing  exercise-  as 
instructed . 

4.  Complete  Resource  #4  to  sort  text 
containing  blank  fields. 

4.  Read  pages  14-9  to  14-10  in 

WANG  -  SORTING  TEXT.  Complete 
exercise  as  directed. 

5.  See  Resource  #5  to  tab  fields 

correctly  that  are  to  be  sorted. 

5.  Read  pages  14-11  to  14-15  in  WANG  - 
SORTING  TEXT.  Complete  exercise 
as  instructed. 

6.  To  type  columnar  headings  when 

text  is  to  be  sorted,  see  Resource 
/^6. 

6.  Read  page  14-16  to  14-17  in  WANG  - 
SORTING  TEXT  completing  exercises 
as  directed. 

7 .  See  Resource  #7  to  sort  numeric 
data. 

7.  Read  pages  14-17  to  18  in  WANG  - 
SORTING  TEXT  completing  exercise 
as  directed. 

8.  To  sort  more  than  one  field  of 
data,  see  Resource 

8.  Read  instructions  and  complete 
all  exercises  on  pages  14-18  to 

14-21  in  WANG  -  SORTING  TEXT. 

9.  To  review,  complete  Resource  it9k 
and  :/9B . 

9A.  Read  Information  Sheet  '/I  on  guide 
pages  4  and  5 . 

9B.  Complete  skill  building  exercise 
on  pages  14-23  to  14-25  in  SORTING 

10.  To  measure  your  ability  to  sort 

data  on  the  Wang  OiS  bU,  complete 
Resource  fHOA  and  lOB. 

lOA.  Read  Product/Perf ormance  Checklist 
on  guide  pages  6  and  7 . 

lOB.  Complete  Criterion  Exam  170. B.  14^^^^ 
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SORTING  TEXT 
170. B. 14 

INFORMATION  SHEET  #1 

Lists  of  alphabetic  or  numeric  data  may  be  sorted  in  ascending  or 
descending  order  on  the  WANG  OIS  60  Information  Processing  System, 

Data  that  is  to  be  sorted  must  be  keyboarded  in  the  following 
manner : 

1.  Fields  of  data  to  be  sorted  should  be  separated  by  a  single 
tab  stop. 

2.  A  return  .graphic  should  end  each  record. 

3.  No  title  should  appear  on  the  page  of  text  to  be  sorted. 

All  the  text  in  a  single  document  to  be  sorted  is  called  a  file.  A 
sample  data  file  follows: 


Broderick,  Jon 
Cima,  Gollfitnu 
Doyle  ,":lDar  iehe 
Gold,  (^fy — 
Lee,  Larry 


Human  Resources  ) 

Accounting  ) 

Information  Services) - File 

Transportation  ) 

Sales  ) 


All  the  information  pertaining  to  one  individual  is  known  as  a 
record.  All  the  information  about  Colleen  Cima  is  a  record. 


Cima,  Colleen 


Account  i  ng - Reco  r  d 


A  field  is  a  piece  of  like  data  within  a  record.  A  field  from  the 
above  record  would  be  either  the  name  of  the  individual  -  Colleen  Cima 
or  the  department  she  works  in  -  Accounting, 


Cima,  Colleen 


Accounting  - Field 
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Page 


Information 


Sheet 


#1 


(Continued) 


After  all  the  infonnation  in  a  docuinent  has  been  keyboarded,  the 
operator  moves  the  cursor  to  the  first  position  in  the  column  of  text  to 
be  sorted.  She/he  then 


1.  presses  COMMAND,  MERGE  then  EXECUTE. 

Text  in  that  field  will  then  be  sorted  in  ascending  order  -  from 
lowest  to  highest. 

To  sort  text  in  descending  order  -  from  highest  to  lowest  -  the 
operator,  positions  the  cursor  under  the  first  character  in  the  field  to 
be  sorted.  The  operator  then 

1.  presses  COMMAND,  SHIFT  +  MERGE,  then  EXECUTE. 


If  several  fields  of  data  are  to  be  sorted  on  the  same  document, 
the  operator  should  sort  the  least  important  field  first  and  the  most 
important  field  last.  For  example,  it  is  most  important  in  a  particular 
project  that  the  departments  be  in  alphabetical  order.  The  department 
field  sorted  last. 


The  maximum  amount  of  text  that  can  be  sorted  is  256  screens  or 
4,830  lines.  This  text  must  all  be  on  one  page. 


SOURCE:  WANG  LABORATORIES  -  SORTING  TEXT 
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PERFORMANCE/PRODUCT  CHECKLIST 


EXAM 


PART  I  (90  percent  required) 
PART  II 


Yes  No 

_  Keytxjarded  with  no  errors. 

_  _  Title  and  column  headings  printed. 

_  Margins  even  on  printout. 

_  A  minimum  of  six  spaces  should 

appear  between  columns. 

_____  __  Department  field  must  be  in 

alphabetical  order. 

PART  III 

Yes  -~JlQ 

Text  keyboarded  with  no  errors. 

_  _ _  Title  and  column  headings  printed. 

_  _  Margins  even  on  printout. 

_  ^  minimum  of  six  spaces  should 

appear  between  columns. 

_  _  Employee  field  must  be  in 

alphabetical  order. 

PART  IV 

Yes  No 


Text  keyboarded  with  no  errors. 
Title  and  column  headings  printed. 
Margins  even  on  printout. 

A  minimum  of  six  spaces  should 
appear  between  columns. 

Extension  field  must  be  in 
descending  order. 


Program 

Task 

Page'^ 
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PROJECT  SUMMARY  SHEET 


TRAINING  DOCUMENTS 
TRY  SORTING  TEXT 
OCCUPATIONS 
SIX  PLACES 

REQUEST  FOR  PERSONNEL 

NEW  DOCUMENTS 

PRODUCE  ORDER 
PERSONNEL  RECORDS 


CRITERION  EXAM 

^^^'^'WRITTEN  EXAM 
PART  II 
PART  III 
PART  IV 


NAME _ _ _ date 

POINTS 


INFORMATION A^RD  PROCESSING 
SECRETARIAL  OFFICE  OCCUPATIONS 
CRITERION  EXAM 

TASK  170.3.14 

The  purpose  of  this  exam  is  to  determine  whether  or  not  you  have  under¬ 
stood  the  information  presented  on  sorting  text  on  a  Wang  OIS  60 
Information  Processing  System. 


WRITTEN  EXAM 


PART  I 

Write  your  answers  in  the  space  provided  to  the  left  of 
the  question.  Select  the  answer  that  best  completes  or 
defines  the  statement.  A  minimum  score  of  90  percent  is 
required. 

PERFORMANCE  EXAT^I 

A  minimum  score  of  100  percent  is  required  for  this 
portion  of  the  exam. 

PART  II 

Keyboard  the  document  as  directed.  Follow  all  instructions 
given  for  formatting  the  text.  Correct  any  errors 
made.  A  maximum  time  of  25  minutes  will  be  allowed  to 
complete  this  part  of  the  examination. 

PART  III 

Keyboard  the  list  of  additional  telephone  numbers  as 
directed.  All  errors  must  be  corrected.  Follow  all 
instructions  given  for  formatting  the  text.  Sort  as 
directed.  A  maximum  time  of  15  minutes  will  be  allowed  to 
complete  this  part  of  the  examination. 

PART  JM 

Sort  as  directed.  A  maximum  of  5  minutes  will  be  allowed 
to  complete  this  part  of  the  examination. 
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EVALUATION  SHEET 


INFORMATIONA?ORD  PRCXZESSING 
SECRETARIAL  OFFICE  OCCUPATIONS 
SORTING  TEXT 
170. B. 14 


DIRECTIONS:  Write  your  answer  on  the  blank  provided  to  the  left  of  the 
questions.  Select  the  letter  that  comes  before  the  answers 
that  best  completes  or  defines  the  statement. 

1.  To  arrange  long  lists  of  names  and  addresses  in 

alphabetical  order,  you  can  use  the  -  feature  on 

the  Wang  OIS  60. 

a.  Merge 

b.  Don't  Merge 

c.  Alphabetize 

d.  Sort 

_  2.  Ascending  order  places  the  list  in  what  form? 


a.  Lowest  to  highest 

b.  Highest  to  lowest 

c.  Right  to  left 

d.  Left  to  right 

3.  To  sort  text  in  ascending  order,  you  position  the  cursor  ( 
under  the  first  character  of  the  column  (field)  you  wish 

to  sort  and  press 

a.  COMIWTD,  SORT,  EXECUTE 

b.  EXECUTE,  COMMAND,  SORT 
C.  MERGE,  COMMAND,  EXECUTE 
d.  COMMAND,  MERGE,  EXECUTE 

4.  To  sort  text  in  descending  order,  position  the  cursor 
under  the  first  character  in  the  field  you  wish  to  sort 
and  press 

a.  COMMAND,  SHIFT  +  MERGE,  EXECUTE 

b.  EXECUTE,  COMMAND,  SORT 
C.  MERGE,  COMMAND,  EXECUTE 
d.  COMMAND,  MERGE,  EXECUTE 

5.  A  record  consists  of  -  set(s)  of  information. 


a.  one 

b.  two 

c.  five 

d.  ten 
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EVALUATION  SHEET 


6.  A  field  is  a  -  of  information  within  a  record. 

a.  group 

b.  set 

c.  large  amount 

d.  single  piece 

7.  The  -  field  is  the  field  you  want  to  arrange  in  a 

particular  order. 

a.  ideal 

b.  perfect 

c.  key 

d.  original 

8.  If  you  sort  a  field  that  contains  blank  lines  in  the  key 
field,  all  the  records  with  blank  lines  will  appear 

— - -  of  the  sort  list. 

a.  at  the  end 

b.  at  the  beginning 

c.  in  the  middle 

d.  none  of  the  above 


9 .  Fields  of  data  must  be  separated  by  -  tab  graphic ( s ) . 


a.  one 

b.  two 

c.  three 

d.  no 


10.  Each  record  in  a  document  that  is  to  be  sorted  must  end 
with  a  -  graphic. 


11. 


^■4 

The  maximum  of  -  lines  may  be  sorted  on  the  OIS  60 

Information  Processing  System. 

a.  3960 

b.  4000 

c.  4800 

d.  4830 
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12.  If  you  fail  to  press  -  after  the  last  record  on  the 

page  of  a  document  that  is  to  be  sorted,  the  system 
cannot  sort  the  file. 

4 

b.  ^ 

c.  ♦ 

d.  ^ 

13.  Titles  and  column  headings  on  documents  that  must  be 

sorted  should  be  typed  - . 

a.  before  text  is  sorted 

b.  after  text  is  sorted 

c.  while  text  is  being  sorted 

d.  none  of  the  above 

14.  The  maximum  number  of  digits  to  the  right  of  the  decimal 

point  that  the  system  can  sort  is  - . 

a.  one 

b.  two 

c.  four 

d.  six 

15.  If  you  want  to  sort  more  than  one  field  of  information, 

the  most  significant  field  is  sorted  - . 

a.  first 

b.  second 

c.  third 

d.  last 

16.  A  file  that  is  to  be  sorted  must  not  be  longer  than  - 

page(s) . 

a.  one 

b .  two 

c.  three 

d.  five 


17. 


A  file  that  is  to  be  sorted  must  be  typed  so  that  a  - 

graphic  separates  each  field. 

a.  ^ 
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PART  II 


EVALUATION  SHEET 


DIRECTIONS:  Keyboard  the  telephone  list  that  follows.  Leave  a  minimum  of 
six  spaces  between  columns.  Correct  any  errors  that  you  make. 
Alphabetize  the  list;  the  department  is  the  most  significant  field. 
Include  the  titles  in  the  final  printout.  A  triple  space  should  follow 
the  main  title  "TELEPHONE  LIST  UNION  ELECTRIC." 

Left  and  right  margins  should  be  even  when  printed.  PRINT  BOTH  THE 
DOCUMENT  AND  THE  DOCUMENT  SUMMARY. 


TELEPHONE  LIST 
UNION  ELECTRIC 


Employee 

Department 

Extei 

Yoon,  Melanie 

'  Accounting 

4920 

Wiemerslage,  Heide 

Human  Resources 

0490 

Yacktman,  Steve 

Sales 

0491 

Doule,  Colleen 

Information  Services 

3260 

Broderick,  Brad 

Maintenance 

0611 

Begel,  William 

Human  Resources 

2349 

Anfuso,  Peter 

Sales 

0100 

Freeman,  Jason 

Marketing 

6034 

Lee ,  Scott 

Research 

6000 

Greenburg,  Steven 

Sales 

3419 

Sanders,  Jean 

Information  Services 

1411 
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EVALUATION  SHEET 


PART  IV 


DIRECTIONS:  Sort  the  list  you  completed  in  PART  III  with  the  Extension 
as  the  most  significant  field.  Sort  in  descending  order, 
PRINT  A  HARD  COPY  AND  THE  DOCUMENT  SUMMARY.  Titles  should  be 
included.  Margins  must  be  even  on  final  printout. 
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APPENDIX  V 

CLC/LCAVC  Joint  Resolution 


College  of  Ldke  County/Lake  County 
Area  Vocational  Center 


JOINT  RESOLUTION 

WHEREAS  Che  College  of  Lake  County  and  the  Lake  County  Area  Vocational 
Center  over  the  past  years  have  developed  a  model  working  relationship;  and 

WHEREAS  they  have  cooperated  in  using  facilities,  purchasing  equipment  and 
articulating  their  programs;  and 

WHEREAS  it  is  important  that  this  relationship  continue  to  improve  and  flourish 
and  that  the  College  of  Lake  County  and  Lake  County  Area  Vocational  Center  continue 
to  strive  to  more  effectively  and  efficiently  serve  the  needs  of  the  Lake  County 
community  and  explore  avenues  to  insure  that  Che  taxpayers  of  Lake  County  derive 
the  maximum  benefits  from  their  tax  dollars; 

THEREFORE  in  order  to  carry  on  this  mutually  beneficial  effort,  be  it  resolved 
that  the  College  of  Lake  County  and  the  Lake  County  Area  Vocational  Center  will: 

explore  additional  use  of  both  the  College  of  Lake  County  and  Lake  County 
Area  Vocational  Center  facilities  in  an  attempt  to  maximize  facility  utilization; 

continue  to  enhance  program  articulation  efforts  to  assure  a  smooth  flow 
of  students  between  secondary  and  post-secondary  experiences; 

investigate  expansion  of  programs  available  to  and  articulated  between  the 
institutions;  and 

investigate,  analyze,  and  evaluate  the  potential  for  the  College  of  Lake 

County  becoming  the  administrative  agent  for  the  Lake  County  Area  Vocational 
Center. 


LAKE  COUNTY  AREA  VOCATIONAL  CENTER, 
BOARD  OF  CONTROL 


BOARD  OF  TRUSTEES,  COLLEGE  OF  LAKE 
COUNTY 


BY: 


Chairman 


BY: 


President 


ATTEST: 


ATTEST: 


Secretary 


Secretary 
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Certificate  of  Completion 
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APPENDIX  VIII 


Equipment  Purchased 


ILLINOIS  STATE  BOARD  OF  EDUCATION 
Department  of  Adult,  Vocational  and  Technical  Education 
Compliance  Reports 
100  North  First  Street 
Springfield,  Illinois  62777 

REQUEST  FOR  REIMBURSEMENT 
APPROVAL  OF  INSTRUCTIONAL  EQUIPMENT 


—  ISBE  USE  ONLY  — 
LEA  I.D.  CODE 


FY  CODE 

OCCUPATION 

AREA  CODE 

PROGRA 

c6bl 

INSTRUCTIONS:  Submit  this  request  with  The  Local  One  and  Five  Year  Plan,  for  Occupational  Education.  Complete  a  separate  sheet 
for  each  program. _ 

lea  must  COMPLETE  (Check  only  one): 

□  Agriculture  O  Business  XEP(  Ind.  Oriented  D  General  Q  Home  Economics 

Q  Health  Q  Personal  and  Public  Services  □  Audio-Visual  Q  Emerging  Occupation 

PROGRAM  TITLE 


COMPUTER  ASSISTED  DRAFTING 


ITEM 

NO. 

QUANTITY 

ITEM  DESCRIPTION 
(one  Item  per  line) 

UNIT 

COST 

TOTAL 

COST 

1. 

10 

Apple  lie  microcomputer  system  w/dual  disk  drive, 
monitor  ^  80  col.  card 

1.200.00 

12.000.00 

2. 

20 

Super  serial  card 

97.30 

1,946.00 

3. 

1 

DMP  42  plotter 

2,279.00 

2,279.00 

4. 

1 

DMP  40  plotter  with  cables 

1,857.00 

1,857.00 

5. 

1 

DMP  29  plotter 

1,759.00 

1,759.00 

— 

19,841.00 

- - 

! 

- 1 - 

i 

1 

1 

1 

I 

1 

i 

1 

- - 

1 

i 

! 

1 - 

1 

1 

1 

1 - 

I 

1 
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APPENDIX  IX 

Non-Paid  Project  Participants 
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LAKE  COUNTY  AREA  VOCATIONAL  CENTER 
BOARD  OF  CONTROL 
1985-86 


SCHOOL 

Ik  \rict 

NAME  &  TITLE 

PHONE 

ADDRESS 

12 

Dr.  Duane  Andreas,  Superintendent 
Johnsburg  Cornmunity  Unit  School 

815/ 

385-6916 

2117  W.  Church  Street 

McHenry,  Illinois  60050 

60 

Dr.  Donald  Torreson,  Superintendent 
Waukegan  Cornmunity  Unit  School 

336-3100 

1201  N.  Sheridan  Road 

Waukegan,  Illinois  60085 

95 

Mr.  Philip  H.  McDevitt,  Superintendent 
Lake  Zurich  Community  Unit  School 

438-2831 

66  Church  Street 

Lake  Zurich,  Illinois  60047 

113 

Dr.  James  H.  Warren,  Superintendent 
Highland  Park  -  Deerfield  High  Schools 

432-6510 

1040  W.  Park  Ave.  West 

Highland  Park,  Illinois  60035 

115 

Dr.  Robert  H.  Metcalf,  Superintendent 

Lake  Forest  Community  High  School 

234-3600 

1285  N.  McKinley 

Lake  Forest,  Illinois  60045 

1  16 

Mr.  Clifton  A.  Houghton,  Superintendent 
Round  Lake  Community  Unit  School 

546-5522 

316  S.  Rosedale  Court 

Round  Lake,  Illinois  60073 

117 

Mr.  Warren  Polley,  Superintendent 

Antioch  Community  High  School 

395-1421 

1133  S.  Main  Street 

Antioch,  Illinois  60002 

118 

Dr.  Darrell  Dick,  Superintendent 

Wauconda  Community  Unit  School 

526-6611 

555  N.  Main  Street 

Wauconda,  Illinois  60084 

^0 

Mr.  Wayne  Bottoni,  Superintendent 

Mundelein  Consolidated  High  School 

949-2242 

1350  W.  Hawley  Street 
Mundelein,  Illinois  60060 

121 

Dr.  Paul  A.  Rundio,  Superintendent 

Warren  Township  High  School 

662-4363 

500  N.  O'Plaine  Road 

Gurnee,  Illinois  60031 

123 

Mr.  William  Snodgrass,  Superintendent 

North  Chicago  Community  High  School 

578-7^00 

1717  -  17th  Street 

North  Chicago,  Illinois  60064 

124 

Mr.  Lee  D.  Miller,  Superintendent 

Grant  Community  High  School 

587-2561 

285  E.  Grand  Avenue 

Fox  Lake,  Illinois  60020 

125 

Dr.  Milton  R.  Herzog,  Superintendent 

Adlai  E.  Stevenson  High  School 

634- 4000 

Illinois  Route  22 

Prairie  View,  Illinois  60069 

126 

Dr.  David  H.  Cox,  Superintendent 
Zion-Benton  Township  High  School 

746-1202 

1606  W.  23rd  Street 

Zion,  Illinois  60099 

1  27 

Zr .  C-riff  Powell,  Superintendent 

Grayslake  Community  High  School 

223-8621 

400  N.  Lake  Street: 

Grayslake,  Illinois  60030 

123 

Dr.  Donald  Gossett,  Superintendent 
Libert^/ville  Community  High  School 

367-3159 

708  W.  Park  Avenue 

Libertyville ,  Illinois  6004S 

157 

f 

Mr.  Ron  Erdmann,  Superintendent/Prin . 
Richmond-Burton  High  School 

815/ 
678-721 1 

10006  Main  Street 

Richmond,  Illinois  60071 

Mr.  William  1.  Thompson,  Regional 
Superintendent  of  Schools, 

Lake  County 

689-6313 

Room  A904 

County  Building 

Waukegan,  Illinois  60085 

LAKE  COUNTY  AREA  VOCATIONAL  CENTER 
High  Tech  Consortium 


Susan  Croy 
Abbott  Laboratories 
Abbott  Park 

North  Chicago  IL  60064 
937-5404  or  937-6100 

Jerry  Digilio,  Coordinator 
Ind/ Skill.  Craft  Tmg.  Prog. 

College  of  Lake  County 
19351  W.  Washington  St. 

Grays  lake  IL  60030 
223-6601 

Joe  Fielding,  Instructor 
Wauconda  High  School 
555  North  Main  St. 

Wauconda  IL  60084 
526-6611 

Ron  Getz 

Bran  Lubbe  Inc. 

512  Northgate  Parkway 
Wheeling  IL  60090 
520-0700 

Jerry  Gudauskas,  Exec.  Dir. 

Lake  County  Career  Guid.  Consort. 

Lake  County  Area  Vocational  Ctr. 

19525  W.  Washington  St. 

Grays  lake  IL  60030 
223-6681 

Steve  Gurevitz ,  Instructor 
Machine  Shop 

Lake  County  Area  Vocational  Center 
19525  W.  Washington  St. 

Grays  lake  IL  60030 
223-6681 

Daumants  Hazners ,  CAD  Instructor 
College  of  Lake  County 
19351  W.  Washington  St. 

Grayslake  IL  60030 
223-6601  X  330 

Ralph  E.  Lambrecht 
Corporate  Director  of  Service 
Outboard  Marine  Corp. 

3145  Central  Avenue 
Waukegan  IL  60085 
689-6200 

Mike  McEvoy,  Manager,  Design  Drafting, 

Micrographics  §  CAD/ CAM 

Travenol  Laboratories 

P.O.  Box  490 

Round  Lake  IL  60073 

546-6311 


Rose  Meyer,  Instructor 
Medical  Assisting 
Lake  County  Area  Vocational  Center 
19525  W.  Washington  St. 

Grayslake  IL  60030 
223-6681 

Dr .  Hans  No  1 1 

Professor  of  Molecular  Biology 
2665  Orrington  Avenue 
Evanston  IL  60201 
492-7329  (b)  866-9796  (h) 

John  O' Gordon 

Curriculum  Developer,  Naval  Education 
Building  90 
Great  Lakes  IL  60088 
688-4:6^?  5 

Carl  Painter,  Chairman 
Eng.  Math  §  Physical  Science 
College  of  Lake  County 
19351  W.  Washington  St. 

Grayslake  IL  60030 
223-6601 

Jule  Scarborough,  Project  Director 
Office  for  Voc  Tech  Tt  Career  Educ. 
Northern  Illinois  University 
155  Gabol  Ha-H 
DeKalb  IL  60115 
815/753-^^  ,f 

onto  w  J 

Raymond  Snider,  Instructor 
Electronic  Equipment  Repair 
Lake  County  Area  Vocational  Center 
19525  W.  Washington  St. 

Grayslake  IL  60030 

223U6OI 

Melvin  Whitmer,  Instructor 
Industrial  Electrical  Maintenance 
Lake  County  Area  Vocational  Center 
19525  W.  Washington  St. 

Grayslake  IL  60030 
223-6681 

John  Wilson,  Mgr,  Compensation  Benefits 

Cherry  Electric 

3600  Sunset  Avenue 

Waukegan  IL  60085 

662-9200 

ex-officio : 

Nona  Denton  §  Dave  Love 
ISBE/DAVTE  -  Research  ^  Development 
100  North  1st  Street 
Springfield  IL  62777 
217/782-4620 


LAKE  COUNTY.  AREA  VOCATIONAL  CENTER 
COMPUTER  ASSISTED  DRAFTING  PROGRAM 

ADVISORY  COMMITTEE 

1984  -  85 


Bob  Hampton,  Chairperson 

PRODUCT* ENG.  -  MFG. 

.4MMC0  TOOLS  INC. 

Wacker  Park 

North  Chicago ,  IL  60064 

689-1111  X  647 

Ken  Wentworth 

CAD  SECTION  MANAGER 

Dent.  543 

.\BBOTT  LABORATORIES 

North  Chicago,  IL  60064 
937-7274 

Daum  Hazner 

CAD /CAM  INSTRUCTOR 

COLLEGE  OF  LAKE  COUNTY 

19351  W.  Washington  St. 

Grayslake,  IL  60030 

223-6601 

William  Childers 

DESIGN  SUPERVISOR 

ABBOTT  LABORATORIES 

40620  N.  Cornell 

Zion,  IL  60099 

872-8776 

%Jim  Resser 

^CAD/CAM  SYSTEM  ADMINISTRATOR 

COLLEGE  OF  LAKE  COUNTY 

19351  W.  Washington  St. 

Grayslake,  IL  60030 

Michael  Gilfillan,  Architect 
LEGAT  ARCHITECTS 

24  N.  Chapel 

Waukegan,  IL  60085 

662-5535 

223-6601 


Robert  Young 

CAE  SYSTEM  SUPERVISOR 

OMC  CORP.  -  MARINE  INGINEERING 

300  Sea  Horse  Drive 

Waukegan,  IL  60085 

689-5327 


Mike  Me  Evov,  Manager 

DESIGN  DRAFTING,  MICROGRAPHICS  a  CAD/CAM 

TRAVENOL  LABORATORIES 

?.D.  BOX  -190 

Round  Lake,  IL  600 /j 

546-6511  X564 


ADVISORY  COMMITTEE 


ELECTRONIC  EQUIPMENT  REPAIR 
1984-85 


Mr .  Ivan  Eddy 

CHERRY  ELECTRICAL  PROD.  CORP. 
3600  Sunset 
Waukegan,  IL  60087 
662-9200 

Mr .  Tony  Gundrum 
COLLEGE  OF  LAKE  COUNTS 
19351  W.  Washington 
Grayslake, IL  60030 
223-6601 

Mr.  Stanley  JL  Leckie 
811  Flossmoor 
Waukegan,  IL  60085 


Mr.  William  Peloza 
MICHAEL  WILLS  TV 
1212  Grand  Ave. 

Waukegan,  IL  60085 
662-1812 

Mr.  Melvin  Whitmer 

LAKE  COUNTY  AREA  VOCATIONAL  CENTER 

19525  W.  Washington  St. 

Grayslake,  IL  60030 
223-6681  Ext.  253 

Mr.  Douglas  Smith,  Chairoerson 

SUPERVISOR,  DEPT.  736 

BUILDING  M4 

ABBOTT  UBORATORIES 

North  Chicago,  IL  60064 

937-4929 

Mr.  Jim  Seawright 
17617  Summit  Dr. 

Wildwood,  IL  60030 
367 -0860 


Rev.  3/85 


ADVISORY  COMMITTEE 


HEALTH  CARE  ASSISTANT 

1984  -  1985 


Ms .  Sue  Lambert 
Respiratory  Therapy  Dept. 
VICTORY  MEMORIAL  HOSPITAL 
1324  Sheridan  Road 
Waukegan,  IL  60085 

688  -  5000 

Mrs  Charlene  Hendrickson 
LAKE  COUNTY  HEALTH  DEPARTMENT 
2400  Belvidere  Road 
Waukegan,  IL  60085 

689  -  6700 

Mrs  Sandra  Keske 
UPJOHN 

800  S.  Milwaukee 
Libertyville,  IL  60048 


Mrs  Betty  Garrett 
Executive  Director 
.AMERICAN  CANCER  SOCIETY 
2855  Belvidere  Road 
Waukegan,  IL  60085 
556  -  9293 

Barb  Cochran 

WAUKEGAN  DEVELOPMENTAL  CENTER 
Dugdale  Circle 
Waukegan,  IL  60085 
249  -  0600  Ext  250 

.Mr.  Lewis  .Marello 
Vocational  Coordinator 
WAUKEGAN  EAST  HIGH  SCHOOL 
1011  Washington  St. 

WauKegan,  IL  0OO8:: 

53d  -  3100 


Mrs.  Linda  Hale,  R.N. 
DOWNEY  VETERANS  HOSPITAL 
Downey,  IL  60064 
689  -  1900 


Dr.  Virginia  Thompson 
COLLEGE  OF  LAKE  COUNTY 
19351  W.  Washington 
Grays  lake,  IL  60030 
225  -  6601 

Mrs.  Karen  Palmer 
ST.  THERESE  HOSPIT.AL 
2615  W.  Washington  St. 

Waukegan,  1X^^0085 

Mrs.  Margaret  Harris 
1620  Sunset  .Ave. 

Waukegan,  IL  60085 
556  -  0058 

Mr.  Wendal  Studebaker,  .Administrator 

CROWN  MANOR  NURSING  HONE 

1805  -  27th  Street 

Zion,  IL  60099 

746  “  3756 

Pat  Timmons 
Home  Nursing 

VICTORY  .'•EMORIAL  HOSPITAL 
1324  Sheridan  Road 
Waukegan,  IL  60085 
688  -  5000 


Marty  Deri it. a 

'■ED  I  CAL  ARTS  BUILDING 

135  N.  Greenleai  .Ave.,  Duite  120 

Waukegan,  IL  d0085 

249  -  5“3" 
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ADVISORY  COMMITTEE 


INDUSTRIAL  ELECTRICAL  MAINTENANCE 


Erwin  Christensen 
CHRISTENSEN  ELECTRIC 
1501  -  20th  Street 
Zion,  IL  60099 
746-2011 

Ms.  Marjorie  Homer 
KELSO  BURNETT  COMPANY 
3065  Sheridan  Road 
Zion,  IL  60099 
746-2300/458-9765 

Clarence  Bums 
DYNAPAR 

1675  Delaney  Road 
662-2666 


123  Hawley 

Grayslake,  IL  60030 
223-2410 

Don  Maksimovic 
DRAKE  ELECTRIC  SUPPLY 
4210  Grove 
Gurnee,  IL  60031 
623-2028 

G.  Edward  Hucker 
HUCKER  ELECTRIC  COMPANY 
1620  Yorkhouse  Road 
Waukegan,  IL  60087 
662-8384 


Lynn  Hoselton 

ABBOTT  LABORATORIES 

14th  §  Sheridan 

North  Chicago,  IL  60064 

937-6100/937-6831 

Jim  Crichton 

LAKE  COUNTY  ELECTRICAL  INSP . 

426  N.  Route  59 

Lake  Villa,  IL  60046 

689-6330/356-7050 

Ray  Snider 

LAKE  COUNTY  .AREA  VOCATIONAL  CENTER 
19525  W.  Washington  St. 

Grayslake,  IL  60030 
223^681  Ext.  232 

Robert  Heise 

KRUG  NORTHWEST  ELECTRIC  MOTORS 
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ADVISORY  COMMITTEE 


% 


MACHINE  SHOP 

1985-86 


Rolf  Anders son 
ANDERSSON  TOOL  .AND  DIE 
1717  Kenosha  Road 
Zion  II  60099 
746-8866 

Jerry  Digilio 
COLLEGE  OF  LAKE  COUNTY 
19351  W.  Washington  St. 
Grays lake  II  60030 
223-6601 

John  Domkowski 
JADPRO  TOOL  8  MFG. 

Box  251 

Grays lake  II  60030 
223-5180 

Dave  Ehlert 
9  Manor  Road 
Lake  Zurich  II  60047 
438-6982 

Glenn  Keuss 
338  Woodland 
Grayslake  II  60030 
223-6308 

Edward  Lee 

MAJESTIC  MOLD  CORPORATION 
700  Dartmouth  Dr. 

Buffalo  Grove  II  60090 
541-5041  541-3045 

Chet  Parker 
CROWN  SUPPLY  COMPANY 
5485  N.  Elston  .Avenue 
Chicago  II  60650 
-77-1200 

Rav  Phillips 
SIGNODE 

3700  W.  Lake  St. 

Glenview  II  60025 
724-6100 

Wilfred  3.  Pouler 
24101  -  119th  St. 

Trevor  WI  53179 
414/862-6070 


Elmer  Sorsa 
2515  Lucia  Ave. 
Waukegan  II  60085 
662-3189 


Mike  Tooren 
T8M  ENGINEERING  Inc. 
2222  S.  Foster 
Wheeling  II  60090 
577-2650 

Marty  White 
PIPER  PLASTICS 
300  E.  Park  St. 
Mundelein  II  60060 
949-8787 
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Rev 


ADVISORY  COMMITTEE 


MEDICAL  ASSISTING 
1984  -  1985 


Dr.  Louis  Lax,  PhD 
Chairperson 

Ambulatory  Monitoring  Lab  Inc. 
1030  Higgins  Road 
Schaumburg,  IL  60195 

Dr.  A.  T.  Sampolinski 
2045  E.  Grand  Avenue 
Lindenhurst,  IL  60046 

Mr.  Gary  Daniels 
St.  Therese  Hospital 
2615  Washington  Street 
Waukegan,  IL  60085 

Mu.  Ph^MeNulty 
IQIl-N^Shaddle 
Mundelein,  IL  60060 

Ms.  Bonnie  Pearson,  CMA 
2045  E.  Grand  Avenue 
Lindenhurst,  IL  60046 

Dr.  John  Schroeder 
1616  Grand  Avenue 
Waukegan,  IL  60085 

*Mr.  John  Sturcyz 
9841  West  Paxton  Drive 
Zion,  IL  60099 

*Ms .  Remedios  Tesch 
College  of  Lake  County 
Medical  Lab  Tech.  Dept. 

19351  W.  Washington  Street 
Grayslake,  IL  60030 


Work  #  843-3921 

Home  #  662-5529 


Work  #  356-1080 

Home  # 


Work  #  578-2715 

Home  #  623-3135 


Work  #  688-6862 

668-3701  -  Navy  Drug 
Screening 
^  Great  Lake 

Work  #  356-1080  Base 

Home  # 


Work  ft  662-1250 
Home  ft 


Work  ft  872-8722  Ext.  243 
Home  r  872-7909 


Work  ^  223-6601 

Home  ^ 


revised  12/13/84 


WELDING  AND  FABRICATION 


Mark  Godonis  ADVISORY 

TRI-MARK  WELDING 

■^0  Knoll  Drive 

Waukegan,  IL  60085 

662-4348 

Troy  Kick 

318  N.  3rd  Street 

Libertyville,  IL  60048 

362-0285 


COMMITTEE  Jim  Quinn 

GREAT  AMERICA 
Gurnee,  IL  60031 
249-1776  Ext.  493 
Home:  244-5940 

Joseph  M.  Stepkyk 
2419  8th  Parkway 
Waukegan,  IL  60085 
336-1546 


Jerry  Kroll,  Chairperson 
COLLEGE  OF  LAKE  COUNTY 
19351  W.  Washington  Street 
Grays  lake,  IL  60030 
223-6601 

Harold  A.  Larson 
The  Pavlik  Co. 

534  Green  Bay  Rd. 
Kenilworth,  IL  60043 
312-251-5672 
Home:  566-6647 

Michael  McGue 
ZION  BENTON  HIGH  SCHOOL 
1606  W.  Washington  Street 
Zion,  IL  60099 
746-1202 


Dave  Orlowski 
218  W.  Scranton 
Lake  Bluff,  IL  60044 
234-0363 


Lee  Peterson 

PETERSON  WELDING  &  F.AB .  CORP. 
28W040  Industrial 
Barrington,  IL  60010 
381-3530 


Brian  Duensing 
.APPLICATION  ENGINEERING 
801  AEC  Drive 
Wooddale,  IL  60191 
595-1060 
Home:  566-4184 
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APPENDIX  X 
Publicity 


COME  TO 


1 


COLOR  YOUR 
FUTURE  BRIGHT 


PROGRAM  AREAS 

Business  Marketing  &  Management 
Home  Economics  Occupations 
Health  Occupations 
Applied  Biological  &  Agricultural 
Industrial  Oriented  Occupations 


LCAVC  PROGRAM  AREA 


BUSINESS  MARKETING  &  MANAGEME0 


BUSINESS  DATA  PROCESSING.  The  Data  Processing  program  prepares  students 
for  entry  level  positions  in  the  profession  of  business  data  processing.  Through  the  use  of 
“hands-on”  individualized  instruction,  students  prepare  for  three  entry  level  areas- 
1)computer  programming  -  using  IBM  OS/COBOL;  2)computer  operations  -  using 
Datapoint  minicomputers  with  telecommunications;  3)  data  entry  -  using  on-line  and 
key-to-disk  equipment.  Upon  successful  completion  of  the  program,  students  have  the 
opportunity  to  earn  college  credit,  as  well  as  to  participate  in  an  off-campus  work 
experience  in  a  local  industry. 


HOME  ECONOMICS  OCCUPATIONS 


COMMERCIAL  FOOD  SERVICE  students  are  given  the  opportunity  to  rotate  through 
various  food  preparation  areas  and  are  allowed  to  specialize  after  basic  proficiencies  are 
gained.  Areas  of  training  include  food  service  operation,  basic  food  preparation,  science 
and  math  concepts  related  to  food  preparation,  quantity  food  production,  sales  and 
service,  equipment  and  maintenance,  health  and  safety,  sanitation,  nutrition,  ni^^- 
ment  and  inventory  control .  Actual  exprience  in  quantity  and  fast  food  preparation 
through  the  use  of  the  Center's  snack  bar  and  dining  room. 


I 


SECRETARIAL  OFFICE  OCCUPATIONS.  The  fact  that  more  than  8500  new  sec¬ 
retaries  are  needed  each  year  in  Illinois  means  that  secretarial  employment  opportunities 
!  are  excellent.  In  addition  to  acquiring  specific  secretarial  skills,  students  receive  training 
on  information  processing  equipment  with  software  programs  such  as  word  proces- 
I  sing,  multiplan,  database,  and  graphics.  Students  leaving  the  Secretarial  Office  Occupa¬ 
tions  program  at  LCAVC  can  find  employment  as  word  processing  specialists,  data 
systems  clerks,  administrative  assistants,  legal  secretaries,  secretaries,  medical 
transcriptionists,  medical  records  secretaries,  receptionists,  typists  and  other  related 
areas.  Students  are  pictured  at  work  on  the  Wang  OIS60  Information  Processing  System. 


CARE  &  GUIDANCE  OF  CHILDREN.  The  LCAVC  Child  Development  Center  provides 
a  laboratory  experience  where  students  "learn  by  doing”  by  working  with  young  children. 
Students  gain  skills  and  knowledge  in  areas  related  to:  guiding  the  behavior  of  children, 
observing  and  recording  behavior,  understanding  child  growth  and  development,  learning 
or||||aol  operations,  and  carrying  out  various  activities  with  children  in  the  preschool. 
St^H|  have  the  opportunity  to  participate  in  an  extended  campus  training  experience 
duri^heir  fourth  semester.  Graduates  are  qualified  to  serve  as  assistants  to  teachers  in 
nursery  schools,  day  care  centers,  kindergartens,  and  various  agencies  for  exceptional 
children. 


iEALTH  OCCUPATIONS 


MEDICAL  ASSISTING  students  obtain  basic  patient  skills  and  knowledge  in  one  or 
more  of  the  following  areas  of  specialization:  1)  Medical  Assistant:  students  perform 
clinical  and  lab  tasks  involved  in  the  care  of  individuals  receiving  physicians’  services; 

2) Lab  Assistant:  training  enables  students  to  execute  routine  lab  procedures; 

3) Electrocardiograph  Technician:  students  learn  to  perform  heartbeat  tracings  with  the 
electrocardiograph,  Holter  Monitor  and  other  high  technology  equipment;  4)  Medical 
Secretary-Receptionist:  medical  office  procedures  are  developed  through  coordinated 
efforts  in  the  Secretarial  Office  Occupations  program.  A  variety  of  clinical  sites  (extended 
campus)  allow  students  to  apply  skills  in  real  work  situations. 


}  HEALTH  CARE  ASSISTANT  is  a  multi-faceted  program  at  LCAVC.  During  two  years 
'  of  study,  students  acquire  state  certification  as  a  nursing  assistant  and  are  able  to  explore 
numerous  other  health  subjects  including  child  care,  respiratory,  physical  and  occupa¬ 
tional  therapy,  EMT,  medical  lab,  home  health  care,  x-ray  and  others.  "Hands-on” 
learning  is  emphasized  in  the  lab  which  simulates  a  hospital  setting.  Extended  campus  or 
internship  learning  activities  are  included  in  all  areas.  State  regulations  now  require 
nursing  home  and  home  health  care  workers  to  be  certified  and  the  employment  outlook 
for  certified  workers  is  excellent.  This  program  also  provides  a  strong  base  for  those 
}  students  who  go  on  to  higher  education  in  the  health  care  field. 


The  Lake  County  Area  Vocational  Center  affirms  and 
adheres  to  a  policy  that  all  vocational  opportunities  will 
be  offered  without  regard  to  race,  color,  national  origin, 
sex  or  handicap. 


STRUCTURE 


Lake  County  Area  Vocational  Center  is  an  extension 
of  its  member  districts’  curriculum.  The  facility  pres¬ 
ently  serves  juniors  and  seniors  from  cooperating 
high  school  districts  in  Lake  and  McHenry  counties. 


_ CURRICULUM _ 

Program  curriculum  is  designed  to  meet  current  job 
market  needs  and  is  revised  annually  to  keep  train¬ 
ing  skills  up-to-date. 


FACILITY/EQUIPMENT 


LCAVC  is  able  to  provide  labs  and  real  work  world 
settings  for  a  learning  environment  that  students  find 
challenging  and  enjoyable.  Latest  training  equip- 
ent  is  used  to  teach  new  technology  concepts 
racticed  in  business  and  industry. 


_ INSTRUCTIONAL  SYSTEM _ 

Emphasis  is  placed  on  student  participation  in  actual 
or  simulated  job  and  production  situations.  An  indi¬ 
vidualized  approach  to  training  allows  students  to 
advance  at  their  own  pace  and  acquire  knowledge  of 
skills  necessary  for  employment  or  advanced  train¬ 
ing. 


-OCCUPATIONAL  ADVISORY  COMMITTEES- 

These  committees  review  the  curriculum,  suggest 
appropriate  instructional  equipment  and  give  ser¬ 
vice  to  program  instructors  and  Center  adminis¬ 
trators. 


You  are  invited  to  visit  LCAVC,  meet  the 
instructors,  tour  the  facilities  and  observe 
the  programs  in  operation.  For  more 
information,  see  your  high  school 
counselor  or  call  (312)  223-6681 


High  -  T ech  Grant .  .  . 

*  Second  Year  of  initiative 


Lake  County  Area  Vocational  Center  is  playing 
important  role  in  developing  course  materials 
lich  will  be  used  to  prepare  high  school  students 
■  employabilty  in  the  *  High  Tech'  world  of 
norrow. 

Under  a  one  million  dollar  state  legislative  ap- 
opriation  in  the  education  budget  approved  by 
jvemor  James  Thompson,  LCAVC  will  receive 
>0,000  to  pursue  this  initiative.  The  Vocational 
■nter  is  one  of  eight  Ulinios  secondary  school 
at  will  be  cooperating  with  Northern  lUimos 
liversiry  technical  assistance  faculty  in  attaining 
e  state  long-range  initiative  -  Education  for 
xrhnology  Employment.  This  is  the  center’s  se¬ 
nd  year  of  involvment  in  the  project.  The  intent 
this  initiative  is  to  formulate,  as  an  integral  part 
the  secondary  vocational  program,  those  basic 
'hnical  and  employability  skills  that  will  con- 
bute  to  the  entry-level  employment  and/or 
ure  education  for  the  high  school  student. 

Last  school  year  (1983-84),  grant  money  was 
ed  to  develop  and  field  test  new  technology  cur- 
u’^^d  equipment  into  a  variety  of  LCAVC 
As  a  result,  robotics,  pnuematics  and 


microprocessors  have  been  integrated  into  the  In¬ 
dustrial  Electrical  Maintenance  program.  A  unit 
on  microconiputer.  repair  has  been  included  into 
the  Electronic  Equipment  Repair  program.  Com¬ 
puter  numerical  control  metalworking  equipment 
has  been  placed  into  the  Machine  Shop  program. 
Information  processing  skills  ,  are  now  being 
taught  through  the  use  of  the  Wang  word  pro¬ 
cessor  in  the  Secretarial  Office  Occupations  pro¬ 
gram. 

This  year  (1984-85),  the  center  will  identify, 
develop  and  field  test  new  technology  curriculum 
and  equipment  in  the  Computer  Assisted  Draft¬ 
ing  and  Medical  Assisting  program  areas. 

Curriculum  materials,  including  task  lists,  sug¬ 
gested  equipment  and  methods  of  staff  training 
will  be  delivered  to  the  Illinois  Department  of 
Adult,  Vocational  and  Technical  Education  upon 
completion  of  the  project.  These  materials  will 
then  be  shared  with  all  secondary  high  schools 
and  vocational  centers  in  the  state.  The  Lake 
County  Area  Vocational  Center  is  proud  to  be 
participating  in  this  most  important  project. 


Dick  Glogovsky,  Assistant  Director  LCAVC 
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C.A.D.  (Computer  Assisted  Drafting) 
New  Technology  at  LCAVC 


^Pf)uters  are  affecting  our  life  more  and 
ore,  and  like  everything  else,  computers  are  af- 
cting  the  drafting  industry  also.  Computer 
ssisted  Drafting  (CAD)  has  placed  the  conven- 
onal  drafting  board,  compass,  eraser,  and  lead 
older.  At  a  CAD  station  the  draftsperson 
Derates  a  stylus  and  by  digitizing  a  graphic  tablet, 
•eates  a  drawing  that  takes  3  to  4  times  longer 
sing  conventional  means. 

At  the  Lake  County  Area  Vocational  Center, 
omputer  Assisted  Drafting  is  being  taught 
trough  competency  based  instruction.  The 
Durse  is  divided  into  four  areas:  (1)  Introduction 
)  CAD,  (2)  Two  Dimensional  CAD,  (3)  Three 
)imensional  CAD,  (4)  Project  Work.  A  brief 
escription  of  each  unit  follows: 

1.  Introduction  to  CAD 

The  student  is  introduced  to  CAD.  The 
management  and  value  of  time  as  it  applies 
to  industry  and  how  CAD  can  draw  faster 
than  convensional  drafting  is  stressed.  Also 
discussed  in  this  unit  are  the  CAD  applica¬ 
tions  and  possible  careers  in  CAD  (role  of 
CAD  personnal  in  the  drafting  industry). 

2.  Two  Dimentional  CAD 

This  unit  is  much  like  a  basic  introductory 


drafting  course.  The  students  learn  how  to 
scale  a  drawing,  but  instead  of  using  a  rule 
(scale)  they  learn  how  to  scale  a  drawing  us¬ 
ing  a  CAD  system  -  it  is  much  different. 
They  also  learn  to  establish  a  coordinate 
system:  Absolute,  Relative,  and  Polar. 
Students  learn  how  to  draw  a  problem  using 
two  different  techniques:  (1)  from  a  digitizer 
tablet  and,  (2)  from  a  keyboard.  Also  in  this 
unit  the  students  learn  manipualation  of  en¬ 
tities;  this  is  where  the  speed  and  accuracy 
of  CAD  outshines  conventional  drafting 
practices.  Finally,  dimensioning  is  covered 
in  this  unit.  This  is  also,  different  from  past 
techniques 

3.  Three  Dimension  CAD 

In  this  unit  students  learn  to  think  in  a  X, 
Y,  and  Z  axis  and  with  this  create  views 
through  projection  and  rotation. 

4.  Project  Work 

The  student  is  now  prepared  to  work  on 
problems  of  there  own  choice.  Such  pro¬ 
blems  could  be  architectural,  mechanical, 
and  electrical  in  nature. 

The  prerequisite  for  entry  in  Computer  Assisted 

Drafting  is  one  to  two  semesters  of  drafting  at  the 


home  school.  One  semester  for  those  students 
with  advanced  math  experience,  and  two 
semesters  for  those  without.  The  CAD  course  at 
LCAVC  is  taught  by  Bill  Kolton. 

Mr.  Kolton  was  raised  in  the  Milwaukee  area. 
After  graduation  from  high  school  he  was 
employed  at  Howard,  Needles,  Tammen,  and 
Bergen dorh,  a  consulting  engineering  firm,  they 
developed  such  projects  as  the  Milwaukee 
Freeway  and  Milwaukee  Court  House  Annex. 
Bill  worked  there  for  one  year  and  was  drafted  in¬ 
to  the  Army.  After  completing  his  obligation 
which  included  18  months  in  Vietnam,  he  went 
to  college  and  graduated  with  honors  with  a 
Bachelor  of  Science  Degree  in  Industrial  Educa¬ 
tion  from  the  University  of  Wisconsin-Stout.  He 
then  accepted  a  teaching  position  at  Seymour 
Community  High  School,  Seymour  Wisconsin. 
There  he  taught  seven  years  as  the  principle  draf¬ 
ting  instructor,  teaching  courses  in  mechanical 
and  architectural  design.  This  past  summer  he 
received  a  Master  of  Science  Degree  in  Vocational 
Education  from  UW-Stout. 

Bill  looks  forward  to  the  challenge  of  working 
with  Lake  County  students  and  the  Vocational 
Center. 
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ATTENTION 
PARENTS ! 

We  want  to  show  your  teenager  how  to  start  building  a  career 
as  part  of  his/her  nigh  school  program. 

Lake  County  Area  Vocational  Center 

Open  House 

Sunday,  January  13 

1:00  -  4:00  p.m. 

Visit  classes  in  over  20  different  occupational  training  programs! 

See  students  demonstrate  what  they  are  learning  and  talk  to 
experienced  instructors  about  tomorrow’s  career  opportunities. 

FOR  MORE  INFORMATION,  CALL 

Here’s  what  LCAVC  graduates  say: 

LCAVC  training  prepared  me  for  the  actual  working  class  status,  which 
made  the  transition  from  high  school  to  full-time  employment  much  easier 

I  have  learned  a  lot  at  the  center.  I  got  my  job  right  after  graduation. “Mr. 

Aken’  ’  has  a  lot  of  class.  I  give  him  credit  for  everything  he  taught  me.  The 
Center  was  “Great” 

The  teachers  in  my  program  were  exceptional. 

LCAVC  is  the  best  opportunity  any  student  could  have. 

Thank  you  for  the  program.  It  has  set  me  up  for  lifetime  career,  1  couldn’t 
have  done  it  myself. 

Here’s  what  employers  say  about  LCAVC  graduates: 

“Very  good  program  keep  up  the  good  work.  Waiting  for  more  people  to 
work  with.” 

“If  he  didn’t  have  the  training,  he  wouldn’t  have  the  job.” 

“This  employee  is  very  good.  We  value  her  abilities.” 

“This  person  is  a  very  productive  and  cooperative  employee.” 

“The  individual  seems  to  know  the  terms.  He  has  good  gereral 
knowledge.” 

“Good  employee  would  like  to  have  a  few  others  like  him.” 

“Better  grasp  of  assignment  than  other  employees.” 

“Very  well  spent  tax  dollars.  The  education  received  is  appreciated.” 

“This  employee  shows  exceptional  ability  and  is  an  excellent  employee.” 


223-6681 


Lake  County  Area  Vocational  Center 
19525  W.  Washington  St. 

Gravslake,  IL  60030 


(just  north  of  the  College  of  Lake  County) 
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Printed  in  CENTERGRAM,  the  newsletter  of  the  Lake  County  Area  Vocational  Center 


THE  NEWS-SUN,  Tuesday,  February  19,  1985 
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